County of Loudoun

Department of Planning

MEMORANDUM
DATE: February 13, 2010
T0: Loudoun County Planning Commission
FROM: Judi Birkitt, Project Manager

SUBJECT: February 18, 2010 Planning Commission Work Session
Green Energy Partners/Stonewall (GEP/S) Hybrid Energy Park
ZMAP 2009-0005, SPEX 2009-0009, and CMPT 2009-0001

AGENDA

I. Presentation by the Interstate Commission on the Potomac River Basin
(Refer to Attachment 5)

il. Outstanding Issues

Land Use

Open Space

Water Quality Monitoring

Stream Valley Trail Dedication
Historical Narrative

Proffers and Conditions of Approval
Other Planning Commission Questions
Summary of Staff Recommendations

BACKGROUND

The Planning Commission held a public hearing on this application on December 17,
2009. At that time, the rezoning request was to rezone the subject property to MR-HI
(Mineral Resource — Heavy Industry). Eight members of the public spoke regarding the
application. Five spoke in support, noting that the project would provide cleaner local
power, water quality benefits, increased tax revenue, and job creation. One residential
neighbor expressed concerns that existing nearby residences be protected or relocated.
The Fairfax County Water Authority raised issues regarding consumptive use of the
Potomac River. The Piedmont Environmental Council spoke against the application,
opposing the land use within the Transition Policy Area and stating concems with
environmental impacts, compatibility with nearby residences, and the need for a
Comprehensive Plan Amendment.
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The Planning Commission held a second public hearing on this application on January
21, 2010. The second public hearing was necessary because the applicant revised the
application by amending the proposed zoning designation to PD-GI (Planned
Development - General Industry) and adding a modification of Section 4-606 of the
Revised 1993 Zoning Ordinance to allow a maximum building height of 120 feet without
the additional one-foot setback for each foot of height over 45 feet.

Planning Commission discussion at the public hearing included open space, visual and
spatial buffers, nearby residential properties, water quality monitoring, and trail
dedication. The Commission asked several questions about the consumptive use and
flows of the Potomac River. A representative from the Interstate Commission on the
Potomac River Basin (ICPRB) will attend the work session and address such questions.
The Commission requested photo-simulations; the applicant has provided new photo-
simulations of the power plant during the winter months without leaves on the trees from
Courage Court, Cochran Mill Road and Sycolin Road/Dulles Greenway (See
Attachment 9). The Commission requested information that demonstrates noise levels
comparable to those of the proposed hybrid energy plant. Staff has attached a table that
provides examples of a range of indoor and outdoor noise levels. See Attachment 6. In
response to the Commission’s request for an example of a historical narrative, Heidi
Siebentritt, Historic Preservation Planner with Loudoun County, will attend the work
session to provide that example and be available for questions. The Commission
concluded discussion by voting 7-0-2 (Maio and Brodrick—absent) to forward the
application to work session.

OUTSTANDING ISSUES
The following issues are outstanding. Staff has included recommendations to address
each issue and a summary of all of Staff's recommendations at the end of this report.

.

A. LAND USE
The Revised General Plan provides guidance on the proposed land use in the
Energy and Communication Facilities and Transition Policy Area policies.
Consistency with those policies is discussed below.

Consistency with Energy Policies (Revised General Plan, Chapter 2. Planning
Approach, D. Infrastructure, Energy and Communications Facilities)

The issue is whether the proposed power plant is compatible with and mitigates
potential impacts upon the environment and surrounding properties. The County
views electrical service as an essential component of daily life and supports the
timely delivery of electrical service to households and businesses.

The County also seeks to minimize the potential negative impacts that power plants
can have upon the environment and the surrounding uses. The Energy Policies state
that electric generation facilities that use clean burning and environmentally sound
and proven fuel sources for power generation can be located only where their impact
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on the surrounding land uses and the environment is compatible. Compatibility
considerations include air quality, water quality, noise, lighting, and visual impacts.
As stated at the public hearing, the proposed hybrid energy plant will use clean
buming and environmentally sound and proven fuel sources. Further, with the
exception of water quality impacts and visual impacts associated with open space,
the applicant's Proffer Statement and staffs recommended conditions address
compatibility issues.

Consistency with the Transition Policy Area Policies (Revised General Plan,
Chapter 8. Transition Policy Area)

At issue is whether the proposal

Graphic 1.

affects a visual and spatial
transition between the Rural Policy
area and the Suburban Policy
Area, with natural open space as
the predominant visual element.
With the exception of
approximately 2.3 acres within the
Leesburg Joint Land Management
Area (JLMA), the property lies
within the Lower  Sycolin
Community of the Transition Policy
Area. The Transition Policy Area is
comprised of six distinct subareas.
For the Lower Sycolin, Middle
Goose, and Lower Bull Run
subareas, rural villages with up to
300 residential units are
envisioned, given their strong
relationship to the Rural Policy
Area and rural areas of the
adjacent jurisdictions of Prince
William and Fairfax. Countryside
Villages that are more likely to
evolve into new towns and that are more compatible with the suburban pattern are
envisioned for the Upper Foley, Lower Foley, and Upper Broad Run subareas.

Transition Policy Area
Subareas
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While the primary use anticipated in the Lower Sycolin Subarea is residential, the
Transition Policy Area policies also call for the protection of Luck Stone Quarry from
encroaching residential development and allow for a range of uses that are at
intensities not permissible within the Rural Policy Area, if they promote a rural
character while serving both rural and suburban populations. The County envisions
that the Transition Policy Area will serve as a visual and spatial transition between
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the Suburban and Rural Policy Areas and will incorporate an innovative blend of
rural and suburban development features.

There are unique features surrounding the subject property that will help affect the
desired transition. Luck Stone Quarry would separate the power plant from the
suburban uses in Eastern Loudoun. Phil Bolen Park and Sycolin Creek would
provide a transition to the north. The site’s terrain would also help shield the power
plant from Sycolin Road and the Dulles Greenway. The topographical elevation is
412 at Sycolin Road, and decreases to approximately 360 on the southern end of
the site (refer to sheet 6 of the Concept Plan). As proposed, the more intense uses
would be clustered on the eastern portion of the site, closer to the Suburban Policy
Area, while the western portion of the site closest to the Rural Policy Area would
ultimately contain a vegetative buffer of between 550 and 900 feet deep.

Graphic 2. Unique Surroundings
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During and after construction, the treed area in the northwest portion of the site
would be preserved and would help screen the cooling tower and water tanks.
During construction, the trees in the southwestern portion of the site would be
cleared. Currently, there is a 600-foot forested area between the subject property
and the residences to the west (on the abutting proposed Stonewall Secure
Business Park property to the west) that would help screen the power plant. Upon



ZMAP 2009-0005, SPEX 2009-0009, and CMPT 2009-0001
GEP/S Hybrid Energy Park

Planning Commission Work Session

February 18, 2010

Page 5

completion of construction, the applicant would replant the southwestern portion of
the site, but until the trees grow and provide screening, the power plant would be
visible from the rural west and the residential properties that front Sycolin Road

Staff questions, however, whether the subject property can provide an adequate
visual and spatial transition between the rural and suburban areas without 70% open
space. Staff recommends providing 70% open space that meets the intent of open
space as defined in the RGP. Staff further recommends that the applicant work with
the County Urban Forrester to develop a planting and long-term maintenance plan
that not only supports the habitat, but that also results in a dense, year round,
screen and buffer, particularly on the north, west, and south sides, as discussed
further below.

B. OPEN SPACE
There are two major discrepancies between the applicant’s proposal and the
County’s open space policies. (1) The proposal does not appear to include enough
open space to affect a visual and spatial transition between the rural and urban
policy areas. (2) The proposed open space includes areas that do not meet the .
definition of open space as defined in the Revised General Plan.

Amount of Open Space - Within the Transition Policy Area, 50 to 70% open space
is planned, with 70% anticipated in the Lower Sycolin subarea. Open space is
intended to be the dominant visual feature of the landscape. In addition to providing
a visual and spatial transition between the suburban and rural policy areas, open
space should create a contiguous network of green spaces to protect on-site
environmental resources and habitat. According to the applicant's Endangered and
Threatened Species Habitat Evaluation, the wood turtle, a state-threatened species,
is present on the site along Sycolin Creek, and the property contains suitable
foraging habitat for two state-threatened bird species (loggerhead shrike and
Henslow's sparrow). The applicant's Concept Plan shows approximately 61% open
space, some of which does not meet the definition of open space as defined in the
RGP.

Quality of Open Space - The proposed 61% open space includes 14.32 acres for a
solar array. While staff supports solar power in general, staff does not support
counting the solar panel area as open space, because the area would not meet the
intent of open space as defined in the RGP. The area would not be left in a natural,
mostly undeveloped state and would not provide active or passive recreation.

As defined in the RGP, open space is “Any parcel or area of land or water
essentially unimproved and designated for public or private use or enjoyment or for
the use and enjoyment of owners, occupants, and their guests of land adjoining or
neighboring such open space.” The RGP categorizes open space into the following
three types:
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Table 1. Three Types of Open Space

"I_'y‘p'e'__ / Active Recreatlon Passive Recreation Natural

Areas dedicated to leisure- | Areas for activities that involve | Land left in a mostly
time activities, usually of a | less energetic activities such as undeveloped state.
formal nature and often walking, sitting, picnicking, card
Definition performed with others, games or table games.

| requiring equipment and
taking place at prescribed
sites or fields.

e ball fields e trails (hiking, biking, walking, | « forests
s tennis or basketball or equestrian) * meadows
courts » picnic areas e hedgerows
e swimming pools * camping areas * wetlands
Examples e totlots e hunting areas
e golf courses e fishing areas
e dog parks
e other areas for
recreational
sports/games
e e
(AR ‘.9_',":."‘_"
lllustrations:
tennls court (Franklin Park) plenic pavilion (Frankiin Park) Sycolin Creek

Source: Definitions and examples from the Revised General Plan glossary.

Staff recommends providing 70% open space that meets the intent of open space as
defined in the RGP. Staff does not support solar panels as open space. If the
Commission wishes to consider the solar panel area as open space, staff
recommends that within that area, the applicant plant indigenous vegetation that will
coexist with the solar array and that will support the existing habitat. The two key
points are selecting appropriate plantings that will survive and providing long-term
management of the vegetated area.

The applicant’'s open space calculations include other areas that do not meet the
definition of open space, including the 50-foot perimeter buffer, the access easement
for the overhead power lines, and both sides of the access road to Sycolin Road.
According to the RGP, no more than 25% of these required buffers and “leftover
spaces” contribute towards the minimum open space. In order to count the entire 50-
foot deep perimeter buffer and areas on each side of the access road as open
space, these must be part of another open space feature. For example, a passive
recreation trail would need to be located within the 50-foot perimeter buffer and
along the roadway, or the applicant would need to plant and maintain indigenous
vegetation (natural open space) within those areas.
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C. WATER QUALITY MONITORING

Since the public hearing, staff has continued to work with the applicant on condition
language requiring water quality monitoring, and the applicant has researched water
quality devices and mounting locations. However, agreement on condition language
has not yet been reached. Because of the nature of the proposed use, staff
recommends more frequent, if not continuous, monitoring than the monthly, then
quarterly monitoring that the State requires. Staff will continue working with the
applicant and update the Commission at the work session.

D. STREAM VALLEY TRAILS

There is one outstanding Parks and Recreation issue related to public trail access.
Through the referral process, staff has requested a 50-foot wide trail dedication or
easement on both sides of the Sycolin Creek. This trail would connect Phillip A.
Bolen Memorial Park to Keep Loudoun Beautiful Park, which connects to the
Potomac Heritage National Scenic Trail (PHNST) along the Goose Creek. The
applicant’s Proffer Statement generally provides for and the revised Concept Plan
depicts an area north of the creek that is labeled as “future easement area for public
park’. Staff suggests that a 50-foot wide trail on both sides of the creek be dedicated
or eased and that the Proffer Statement specify the timing for the easement or
dedication.

Parks and Recreation are working towards establishing a linear stream valley park
system along Sycolin Creek that will provide buffer protection, recreational access,
and educational opportunities, and that would connect the County’s stream valley
trail system to the PHNST. The PHNST is a partnership to develop a network of
locally-managed trails in a 425-mile corridor between the Chesapeake Bay and the
Allegheny Highlands of Pennsylvania. The trail is intended as a hiking and walking
natural surface trail with some limited equestrian accommodation. Within Loudoun
County, the PHNST is anticipated to stretch from the Fairfax County line to Harper's
Ferry along the southern bank of the Potomac River. Trailheads can be found at
Algonkian Regional Park, Bles Park, Elizabeth Mills Riverfront Park, Kephart Bridge
Landing, and the Keep Loudoun Beautiful Park.

The purchase of all stream valley properties is cost-prohibitive; therefore, the County
uses the legislative process, including proffers from rezonings and conditions of
approval for special exceptions, to obtain stream valley corridor links. The County’s
first preference for stream valley trails is land dedication. Ownership allows the
County to be a better steward of the trails. Also, notwithstanding the hold harmless
agreement that would be part of an easement agreement, dedication protects the
applicant from a liability standpoint.

Staff understands the applicant’s security concerns regarding public access to the
south side of the creek and desire for Sycolin Creek to serve as a natural barrier
between the public and the power plant. However, Gant Lane could also serve as a
barrier, as could the fence that the applicant will install around the perimeter of the
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power plant, outside of the floodplain. Staff recommends that the applicant proffer to
dedicate a 50-foot wide trail easement on both the north and south sides of Sycolin
Creek. As a second alternative, staff would support proffering a 50-foot wide
easement on both sides of the creek.

E. HISTORICAL NARRATIVE

There is one outstanding issue regarding documentation of the African American
Lower Sycolin Community that historically resided on the property and in the
surrounding area. Staff recommends that the applicant proffer to contract with a
professional consultant to produce a detailed public narrative on the history of Lower
Sycolin based on a Scope of Work approved by Department of Planning staff. The
applicant proffers to avoid and preserve the sites, but individually, the sites do not
warrant preservation because they have been disturbed and are in poor condition.
The applicant also proffers to donate $10,000 to the County towards the production
of the narrative rather than funding the entire document.

Since the Planning Commission public hearing, both staff and the applicant have
been in discussions with History Matters' regarding the preparation of an historical
narrative. History Matters estimates the cost of the report together with a web
pamphlet and a historical marker at $50,000 (The marker is estimated at $10,000). It
generally takes between 6 months and 1 year to complete such a project.

Staff recommends that the applicant proffer to produce the report, web pamphlet,
and historical marker. Heidi Siebentritt, Historic Preservation Planner with Loudoun
County, will attend the work session to discuss the importance of documenting
history when few physical buildings or archaeological resources remain. She will
also circulate an example of an historical narrative and web brochure at the work
session.

F. PROFFERS AND CONDITIONS
The applicant’s Proffer Statement and staff's recommended conditions of approval
are currently under review. Staff anticipates revisions to address the Planning
Commission and staff’s recommendations.

G. OTHER PLANNING COMMISSION QUESTIONS

1. Is a Commission Permit required?
Since the public hearing, the Office of the County Attorney determined that a
Commission Permit is needed for the proposed use, regardless of whether a
Zoning Map Amendment is also sought. A Commission Permit was advertised.

'Founded in 1999 by Edna Johnston and based in Washington, DC, History Matters specializes
in historic resource documentation, nominates properties to the National Register of Historic Places, and
advises owners who rehabilitate historic buildings. Refer to www.historymatters.net.
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2. Should the Applicant proffer out PD-GI uses?
Zoning Administration suggests that the applicant’s Proffer Statement include
language limiting uses on the subject property to only the proposed use and
requiring a Zoning Concept Plan Amendment (ZCPA) for any other use(s).

3. How does the proposed open space compare with Fluvanna County’s
power plant open space requirements?
On November 16, 2000, the Fluvanna County Board of Supervisors approved a
zoning text amendment for power production plants. The amendment established
a minimum lot size of 300 acres, a minimum of 87% open space, a minimum
300-foot perimeter buffer, as well as a minimum height of 145 feet for all
structures and buildings for power generating plants.

The Commission also requested a PowerPoint presentation on the Fluvanna
County power plant. Fluvanna County hired a consultant to evaluate the impacts
of their proposed power plant. Staff has attached the PowerPoint that the
consultant presented to Fluvanna County. See Attachment 7.

4. How much additional acreage would be needed in order to achieve 70%
open space?
The size of the property would need to increase by approximately 25 acres.

5. How would denial of the height modification affect the site?
Without approval of the proposed modification, no structure or building on the
property could exceed 100 feet in height. This would impact the southern portion
of the site, specifically
the combustion turbines ,wci
and HRSGs (#s 15, 16, F
and 17 on Sheet 5 of
the applicant’s plan set),
which are currently
proposed at 110 and
120 feet in height.

raphic 3. Nearby Residential Properties

7

6. What is the distance
between neighboring
residential uses and
the subject property?

Measuring from
property line to property
line, the nearest

residential property is
approximately 110 feet
north of the subject \ /
property. To the west, N S ]




ZMAP 2009-0005, SPEX 2009-0009, and CMPT 2009-0001
GEP/S Hybrid Energy Park

Planning Commission Work Session

February 18, 2010

Page 10

the nearest residential property line is approximately 610 feet from the subject
property.

H. STAFF RECOMMENDATIONS

The subject property is characterized by conditions that are unique to the property
and to the Transition Policy Area. Given the presence of these unique conditions—
the natural gas and electrical transmission lines and the proximity to Luck Stone
Quarry, the Leesburg Executive Airport, the City of Fairfax Water Plant— the use is
reasonable, if the proposal (1) addresses compatibility with the surrounding
residential and park uses as called for in the Energy Policies and (2) affects a visual
and spatial transition between the Rural and Suburban Policy Areas.

Staff offers the following recommendations as potential solutions to the compatibility
and transition issues:

1.

2.

Staff recommends providing 70% open space that meets the intent of open
space as defined in the Revised General Plan.

Staff recommends that the applicant plant and maintain indigenous vegetation
within the 50-foot perimeter buffer and along the access road to Sycolin Road, in
accordance with a planting and management plan approved by the County Urban
Forrester. This plan should both support the habitat and provide a dense, year
round, screen and buffer, particularly on the north, west, and south sides of the
property.

If the Commission wishes to consider the solar panel area as open space, staff
recommends that within that area, the applicant plant indigenous vegetation, in
accordance with a planting and management plan approved by the County Urban
Forrester, which will coexist with the solar array and that will support the existing
habitat.

Staff recommends continuous water quality monitoring.

5. Staff suggests that the applicant revise the Proffer Statement to proffer out all

uses except for the proposed use and to require a ZCPA for any use other than
the proposed use.

Staff suggests that the applicant proffer to dedicate a 50-foot wide trail easement
on both the north and south sides of Sycolin Creek; the proffer should include the
timing for such dedication. As a second alternative, staff would support proffering
a 50-foot wide easement on both sides of the creek.

Staff suggests that the applicant proffer to contract with a professional consultant
to produce a complete detailed public narrative, web pamphlet, and historical
marker on the history of Lower Sycolin based on a Scope of Work approved by
Department of Planning staff.



SUGGESTED MOTIONS:

1.a.

AND

1.b.

OR,

OR,

3.a.
AND

3.b.

| move that the Planning Commission approve CMPT 2009-0001, Green Energy
Partners/Stonewall Hybrid Energy Park, based on the attached Findings and
forward it to the Board of Supervisors for Ratification.

| move that the Planning Commission forward ZMAP 2009-0005 and SPEX 2009-
0009, Green Energy Partners/Stonewall Hybrid Energy Park, to the Board of
Supervisors with a recommendation of approval subject to the Proffer Statement
dated January 6, 2010 and the conditions of approval dated February 13, 2010,
and based on the attached Findings.

| move that the Planning Commission forward ZMAP 2009-0005, SPEX 2009-
0009, and CMPT 2009-0001, Green Energy Partners/Stonewall Hybrid Energy
Park, to a subsequent Work Session for further discussion.

| move that the Planning Commission deny CMPT 2009-0001, Green Energy
Partners/Stonewall Hybrid Energy Park,

| move that the Planning Commission forward ZMAP 2009-0005 and SPEX 2009-
0009, Green Energy Partners/Stonewall Hybrid Energy Park, to the Board of
Supervisors with a recommendation of denial based on the following Findings for
Denial:
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ATTACHMENTS
1. Vicinity Map
2. Findings
3. Staff Recommended Conditions of Approval, dated February 15, 2010 (currently

under review)
Community Information and Outreach Referral (January 11, 2010)
Interstate Commission on the Potomac River Basin (ICPRB)

a. Referral, dated December 17, 2009

b. Strategic Plan (2006)

c. “Water Supply Demands and Resources Analysis in the Potomac River
Basin”, report prepared by ICPRB (November 2000)

d. “Benefits of Iterative Water Supply Forecasting in the Washington, D.C.,
Metropolitan Area” article in the Journal of the American Water Resources
Association (December 2005)

6. Noise Comparison Table

7. Fluvanna County
a. PowerPoint Presentation
b. Handouts provided by the Tenaska Power Plant in Fluvanna County

8. Proffer Statement dated January 6, 2010 (currently under review)

9. Applicant’'s photo-simulations

10.Concept Development Plan dated October 2008, as revised through December 30,
2009 (currently under review)
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FINDINGS

Commission Permit

1.

The use is reasonable on the subject property, given the conditions that are unique
to the subject property and unique to the Transition Policy Area, specifically the
presence of underground natural gas lines and overhead electrical transmission
lines, and the proximity to quarries, the Leesburg Executive Airport, and the City of
Fairfax Water Plant.

The proposed hybrid energy plant will use clean burning and environmentally sound
and proven fuel sources, consistent with the Revised General Plan Energy Policies.

Special Exception

1.

2.

As conditioned, the application adequately addresses environmental impacts.
As conditioned, the application adequately mitigates local road impacts.

The application adequately mitigates noise and lighting impacts, as well as visual
impacts associated with the vapor plume.

The use would have a positive economic impact upon the County during
construction and once operational.

ATTACHMENT 2



CONDITIONS OF APPROVAL (SPEX) February 13, 2010
(Conditions added since the public hearing appear in red. )

1. Substantial Conformance. The approved Special Exception Use, a utility generating
plant and transmission facility, shall be developed in substantial conformance with
the Special Exception Plat, consisting of three (3) sheets numbered as 1,2,5and 6
and labeled as “COVER SHEET”, “REZONING PLAT/NOTES, TABULATIONS &
REQUIREMENTS”, “CONCEPT PLAN (ZMAP/SPEX/CMPT PLAT)’, and
“CONCEPT PLAN OVER EXISTING CONDITIONS’, respectively, and dated July
2009, as revised through December 30, 2009, and prepared by William H. Gordon
Associates, Inc. (the “SPEX Plat’). Approval of this application for Tax Map #s
/60////11/138/ (PIN # 193-38-4362), /60////////38A (PIN # 193-49-0539), /61////////12/
(PIN # 193-39-3665), /61////////14/ (PIN # 193-29-6778), and a portion of /60////////39/
(PIN # 194-48-6020) (collectively the “Property”) shall not relieve the Applicant or the
owners of the Property from the obligation to comply with and conform to any Zoning
Ordinance, Codified Ordinance, or applicable requirement. As used in these
conditions, “Applicant” includes the owner of the Property subject to this Special
Exception approval, its successors, and parties developing, establishing or operating
the approved Special Exception Use.

2. Period of Validity. This Special Exception approval shall be valid for ten (10) years
from the date on which the Special Exception was granted, unless within such ten
(10) year period: (1) a building permit is obtained and the erection or alteration of a
structure is started and diligently pursued, and (2) an occupancy permit is obtained
and a use commenced. Such period of validity may be extended for good cause
shown, provided that an application is submitted to the Board of Supervisors a
minimum of thirty (30) days before the expiration date in accord with the Revised
1993 Zoning Ordinance Section 6-1313.

3. Lot Consolidation. Prior to site plan approval, the Property shall be consolidated into
one parcel.

4. Property Taxes. The Applicant or its assigns shall not apply for any exemption from
real or personal taxes in association with the Special Exception Use on the Property.

COMMUNICTY IMPACTS

5. Noise. Prior to site plan approval, the Applicant shall submit a noise study to the
County for approval. The noise study shall analyze the maximum noise potential of
the special exception use, including but not limited to, predicted noise during the
construction of the special exception use, baseline noise generated by the day-to-
day operations of the special exception use, the cumulative noise of the baseline
noise and the noise produced once the single-cycle peaker turbines are in operation,
and the cumulative noise once emergency back-up generators or equipment are in
operation. The noise study shall include recommendations for specific noise
attenuation measures and an assessment of whether installation and operation of
the proposed noise attenuation measures can achieve noise attenuation that
provides compliance with Section 5-1507 of the Revised 1993 Zoning Ordinance.

ATTACHMENT 3



The Applicant shall conduct noise testing once the Special Exception Use is
operational to ensure that noise levels do not exceed the performance standards set
forth in Section 5-1507 of the Revised 1993 Zoning Ordinance. Should the testing
results at any time determine that noise levels exceed the noise limitations set forth
in Section 5-1507, the Applicant shall take immediate action to bring the noise levels
into compliance through the use of noise attenuation measures.

. Open Space. Open space may include areas that are left in their natural state, such
as forests, wetlands, or meadows; trails and trail connections; and areas labeled on
the SPEX Plat as “REPLANTING AREA”. No more than twenty-five (25) percent of
the required buffers (such as perimeter buffers) and “leftover spaces” (such as
leftover edges and corners of properties, parking lot islands, and stormwater
management facilities that are not a year-round amenity (i.e. surrounded by a trail or
benches) shall be counted as open space.

. Solar Array Area. If the area labeled on the SPEX Plat as “SOLAR ARRAY OR
OPEN SPACE” is not used for solar array, the area shall be used for Open Space as
defined in the Revised General Plan. If said area is used for solar array, the
Applicant shall plant and maintain indigenous vegetation in accordance with a
planting plan and management plan that the Applicant shall submit to the County
Urban Forrester for review and approval.

. Perimeter Buffer. Within the 50-foot buffer around the perimeter of the Property, the
Applicant shall plant and maintain indigenous vegetation for the purpose of providing
year-around screening of the special exception use and sustaining habitat. Such
vegetation and maintenance shall be in accordance with a planting plan and
management plan that the Applicant shall submit to the County Urban Forrester for
review and approval,

. Lighting. All exterior lighting, including security lighting, shall be designed and
installed to minimize light trespass and the visibility of lighting from properties offsite
of the Property. Exterior light fixtures shall be full cut-off and fully shielded and shall
direct light downwards and into the interior of the Property and away from
surrounding public roads and properties. Exhaust stacks, storage tanks, cooling
towers, turbines, heat recovery steam generators, (‘HRSG’'s”), and similar tall
structures shall not have exterior lighting, unless otherwise required by law,
ordinance, regulation, or operative safety norms. In addition, the utility generating
plant and transmission facility shall be designed to enable exterior lighting for distinct
area(s) of the utility generating plant and transmission facility to be switched off
when not in use.

10.Plume Abatement. Cooling tower plume abatement shall be installed and required to

operate during daylight hours when weather conditions exist or at the time the
conditions are predicted to occur that would cause a visible plume at a height equal
to or greater than 150 feet above the ground elevation of the base of the cooling
tower to mitigate the visibility of the cooling tower plume. Additionally, plume
abatement shall be required to operate when ambient conditions exist that would
cause ground level fog to occur from the cooling tower operation to mitigate the fog
conditions.



11.Color_of Utility Generating Plant _and Transmission Facility. Equipment and
structures shall be a light, uniform, neutral color; a color to match the sky; or earth
tones, excluding dark gray and black.

ENVIRONMENTAL

12. Combined Cycle and Natural Gas Turbine. The production of electrical power shall
occur through a combined cycle and natural gas turbine energy facility that does not
involve the use of burning coal or nuclear reaction. The Special Exception Use shall
not utilize fuel oil or diesel fuel in the production of energy. Alternative non-fossil
fuels, such as biogas and other bio-fuels may be utilized on the Property for the
production of electrical power and accessory uses when reliable supplies are
available.

13. Air Quality. The Applicant shall insure that the emissions levels shall not exceed the
Air Emissions (plus 5%) contained in Table 3.1 on page 10 of the report titled
“Revised Air Quality Study of Green Energy Partners/Stonewall Solar and Natural
Gas-Fired Power Plant at Leesburg, VA”, dated November 20, 2009, and prepared
by MACTEC Engineering and Consulting, Inc. attached hereto as Exhibit A.

14.Water Quality. The Applicant shall conduct surface water quality monitoring for the
purpose of monitoring water quality impacts of the power generating plant and
transmission facility on the adjacent Sycolin Creek. The Applicant shall install a
permanent stream monitoring gage for Sycolin Creek that shall record the average
flow, temperature, pH, conductivity and turbidity every 15 minutes. The monitoring
station shall be installed prior to site development and shall be maintained by the
owner for 10 years following project completion, after which the County will have the
option to continue with the maintenance and monitoring of the station. The
monitoring station shall be located in Sycolin Creek immediately downstream of the
plant outfall location.

The Applicant shall also monitor the flow, temperature, pH, conductivity and turbidity
from the drainage leaving the plant on a weekly basis and shall report said findings
to the County and State on a quarterly basis. At both locations, water quality
samples shall be collected and analyzed for total dissolved solids (TDS), total
suspended solids (TSS), Total Nitrogen and Total Phosphorus on a monthly basis.
One half of these samples will be collected following a period where the site
received at least 0.5” of rain in a 48 hours period. If state permit standards are more
stringent than these conditions, the state standards shall apply.

If at any time the monitoring results exceed the established water quality thresholds,
the Applicant shall take immediate action to investigate the condition. If the condition
is a result of activity on the Property, the Applicant shall take immediate action to
return water quality to the established water quality thresholds.

15.Zero Discharge. The Special Exception Use shall include a “zero discharge" water
treatment system to treat any process water utilized in the operation of the steam
generator and cooling tower. Process water shall be treated, reused, recycled and




not disposed of as surface runoff or into the stormwater management system. Solid
wastes resulting from the treatment of the water shall be disposed of offsite in an
approved landfill.

16.Stormwater Treatment. The Applicant shall (a) incorporate best management
practices (“BMP’s”) for treatment for all stormwater runoff leaving impervious
surfaces consistent with the requirements of the FSM; (b) design all BMP’s to treat
the first inch of stormwater runoff from impervious surfaces; and (c) design all BMP’s
to remove a high percentage of phosphorous, not lower than 50 percent.

17.Wetlands. Prior to the commencement of any construction activities in identified
wetlands areas, all necessary state and federal wetlands permits must be obtained
and copies of these permits shall be submitted to Loudoun County Department of
Building and Development.

18.Very Steep Slopes. Prior to and during construction, the Applicant shall survey, flag,
and install super silt fencing or temporary chain link fencing, in lieu of plastic orange
fencing, near the very steep slope areas that are located in proximity to the area to
be affected by construction.

19.Best Available Control Technology. The Special Exception Use shall utilize Best
Available Control Technology (“BACT”) in accordance with the most current DEQ
permit standards.

20.Wood Turtle. Prior to beginning work in the area of the wood turtle habitat identified
in the Applicant's submitted Endangered and Threatened Species Habitat Evaluation
and Rare Plant Species/Community Assessment, prepared by Wetland Studies and
Solutions, Inc., and dated November 8, 2004, the Applicant shall perform a search
for wood turtles in the area to be affected by construction. The Applicant shall
provide educational materials about the wood turtle to contractors working on the
Property prior to such contractors beginning work on the Property. The Applicant
shall use bridge spans or bottomless culverts to prevent barriers of migration.

TRANSPORTATION

21.Sycolin Road Access. The proposed entrance onto Sycolin Road (Route 643) shall
be constructed to VDOT standards/requirements including but not limited to locating
the proposed entrance relative to future median breaks, the provision of tum lanes
and the demonstration of adequate sight distance. The Applicant shall coordinate
the site entrance with the planned future grade-separated interchange on the Dulles
Greenway at the westernmost crossing of Sycolin Road, south of the proposed site
entrance location. The Applicant shall also coordinate the access road location with
TRIP 1l (owners of the Dulles Greenway), and acknowledge that the access road to
the site may need to be relocated at some point in the future to accommodate this
yet-to-be-designed interchange.

22.Sycolin Road Pottery Site. The Applicant shall delineate the boundaries of the
Sycolin Road Pottery Site (44L.D1195) on all plans and profiles submitted to the
County for review and shall install temporary chain link fencing to delineate the
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boundaries of the Sycolin Road Pottery Site prior to any clearing and grading related
to the construction of the access road to Sycolin Road or the Special Exception Use.

23. Traffic Management. Prior to site plan approval, the Applicant shall submit a Traffic
Management Plan to the Office of Transportation Services (*OTS") for review and
approval. Such plan shall address temporary construction entrances and access
routes, delivery schedules for wide loads during off-peak times, and measures for
minimizing conflicts on access routes to and from the site.

24.Emergency Operations Plan. Prior to site plan approval, the Applicant shall contact
the Loudoun County Department of Fire, Rescue and Emergency Services to
discuss emergency operations plans to include an evacuation plan and access and
circulation of emergency personnel and vehicles throughout the Property. The
Applicant shall prepare at its own cost an Emergency Operations Plan and shall
submit such plan to the Loudoun County Department of Fire, Rescue and
Emergency Services for review and approval implementation within one (1) year of
initial operation of the Special Exception Use. The Applicant shall be responsible for
providing first response to any emergency in relation to the operation of the Special
Exception Use, and on-site employees shall be trained as first responders to any
such emergency.

In conjunction with the initial submittal of each site plan for the Property, the
Applicant shall submit such site plan to the Department of Fire, Rescue and
Emergency Services for review and approval to ensure that the site layout provides
emergency vehicles and personnel adequate access and circulation throughout the

Property.
UTILITIES

25.Collocation of Effluent and Utility Lines. The Applicant shall minimize land
disturbance by coordinating with the Town of Leesburg and Loudoun Water, to the
extent permitted by law, to collocate the effluent line with other existing or planned
Town of Leesburg and/or Loudoun Water utility lines prior to site plan approval for
the Property.

26.Utility Lines. The Applicant shall group and bury sewer and water utility lines and
facilities to the extent permitted by law.

ACCOUNTABILITY
27.Compliance with Special Exception. The Applicant shall provide an annual

certification to the Zoning Administrator annually that the Special Exception Use is in
compliance with all conditions of this Special Exception.

28.Response to Complaints and Inquiries. The Applicant shall respond promptly to any
complaints or inquiries to the Board of Supervisors, County Administrator, or Zoning
Administrator. In the event the Applicant is notified of any violation of applicable
federal, state, or local laws, regulations, or permit conditions, the Applicant shall
notify the Zoning Administrator in writing within two (2) business days of receiving




29.

30.

31

32.

33.

such notice and within a reasonable period of time to fully inform the Zoning
Administrator of the steps being taken to correct and or remediate the violation.

Contact Information. Once the Special Exception Use is fully operational, the
Applicant shall prepare and provide to the Zoning Administrator a report showing
operational factors associated with the special exception use. Such report shall
include the name(s) and contact information for on-site supervisors, and verification
of current valid state and federal licenses and permits. The Applicant shall promptly
notify the Zoning Administrator of any changes, normally within five (5) business
days.

Federal, State and Local Approvals. The special exception use shall not commence
normal operation until all necessary approvals from applicable regulatory bodies of
the state, federal, and local government have been obtained. The Applicant shall
operate the special exception use in conformance with all permits, laws, rules and
regulations of federal, state and local laws. The Applicant shall maintain periodic
reports and copies of such approvals and permits on site, and upon request shall
provide copies of these reports and permits to the Zoning Administrator.

.Federal and State Permits. If violations of any state or federal permits are reported

to Loudoun County by the applicable regulatory agency, the Board of Supervisors,
and/or the County Administrator, may request the Applicant to provide, at the
Applicant’s sole expense, the services of an appropriate firm to review the nature of
the violation, if any, and the remedy, if any. This firm shall be jointly selected by the
Applicant and Loudoun County and will report solely to Loudoun County.

Inspections. The County reserves the right to inspect the site at any reasonable time
during normal hours of operation without prior notice to insure that the operation of
the Special Exception Use meets the requirements of the Revised 1993 Zoning
Ordinance, these conditions, the codified ordinance or other regulatory requirement.

Discontinuance of Use. At such time as the Property shall not be used for power
production and transmission, the Applicant shall restore the site substantially to its
prior condition, or such other condition as may be approved by the Board of
Supervisors.

CONDITIONS OF APPROVAL (ZMOD) February 13, 2010

1

The height modification of Section 4-606 of the Revised 1993 Zoning Ordinance
increasing the maximum building height to 120 feet without providing additional
setbacks shall only apply to the steam turbine enclosure. All other structures that
are not exempt under Section 1-103(D)(2) shall comply with the maximum building
height of forty-five (45) feet.




Exhibit A. Air Quality.

L Pollutant/Tn

1

Lbs/hpur i1.0 34.6 91.2 27.5

Tons/year 45.1 33.0 156.2 324 198.0
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County of Loudoun

Department of Planning

MEMORANDUM
DATE: January 11, 2010
TO: Judi Birkitt, Senior Planner, Land Use Review
FROM: Heidi Siebentn% istoric Preservation Planner,

Community Information and Outreach

SUBJECT: ZMAP 2009-0005, SPEX 2009-0009 & CMPT 2009-0001 Green
Energy Partners/ Stonewall (GEP/S) Hybrid Energy Park — Third Referral

Background

The subject application relates to a 90.50-acre portion of the 294-acre
compilation of properties previously reviewed by staff under ZMAP 2008-0017 &
SPEX 2008-0068, 69 & 70 (Stonewall). The applicant is currently requesting to
re-zone a 90.50 piece of the 294-acre Stonewall property to MR-HI to construct a
hybrid energy plant. The latest submission to the County of this application
includes an access road from Sycolin Road to the proposed Energy Park use.
Below is a summary of the outstanding issues.

Outstanding Issues and Recommendations

Staff’s first and second referral comments dated June 1, 2009 (Stonewall) and
October 26, 2009, respectively made note that the proposed development area is
commensurate with the known boundaries of the historically African American
settlement of Lower Sycolin. While the individual archaeological sites (44L.D1326,
441L.D1328 and 44LD1330) representing the vestiges of the settlement have been
impacted over the years such that the individual sites are now deemed ineligible
for listing in the National Register of Historic Places, the history of the Lower
Sycolin community itself is worthy of recordation. Staff has recommended in
previous referral comments that the applicant commit to a public narrative history
of this community.

Additionally, in staff's June 1, 2009 first referral comments related to Stonewall
Secure Business Park, staff noted the presence of the remains of the Sycolin
Road Pottery Site (44LD1195) located along the eastern right of way of Sycolin
Road. At that time, an entrance to the business park was proposed in very close
proximity to (if not on) the location of the site and staff raised the location of the
access point as an issue at that time.

ATTACHMENT 4
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ZMAP 2009-0005, SPEX 2009-0009 &CMPT 2009-0001 GEP/S

January 11, 2010
Page 2

Second referral comments dated October 26, 2009 also noted the location of the
Sycolin Pottery Site, although the project area had been reduced by the applicant
to encompass only 90.50 portion of the original application area which excluded
the location of the site. Regardless, staff re-iterated the historic significance of
the site which has been evaluated and deemed eligible for the National Register
of Historic Places. Staff re-stated concerns that the site could be impacted by the
construction of future access roads, including temporary construction roads with
entrances on Sycolin Road and requested clarification on the overall plan for
access to the Hybrid Energy Park.

The current application shows that the project area has been expanded to
include an access road to the Hybrid Energy Park from Sycolin Road. The point
of entry for the proposed road is proximal to the known boundaries of the Sycolin
Pottery Site. While the proposed access appears to be located approximately
200 feet south of the site, staff again raises the concern that this extremely
significant historic site could be detrimentally impacted by the clearing and
grading necessary to construct the access point.

The Heritage Preservation Plan specifically states that the County’s primary
objective is the protection and conservation of significant archaeological
resources identified during the development process (Heritage Preservation
Plan, Chapter 2, Archaeological Resource, Policy 9). To meet this objective and
to ensure that the site is not inadvertently impacted during development of the
property, staff recommends that the applicant.show.the.boundaries-of-the-Sycolin
PotterySite, as determined in the Phase 2 archaeological report and as
represented on previous submissions, on all future plans and profiles submitted
to the County for review. Staff further recommends that the boundaries-of the:site
be-delineated-with-temporary-chain-link-fencing-prior-to-any- clearing-and-grading
related-to-the construction of the access road:

cc: Michael “Miguel” Salinas, AICP, Program Manager, Community Information &
Outreach
Julie Pastor, AICP, Director, Department of Planning
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Chairman
George W. Reiger

Vice Chairman
Scott W. Kudlas

District of Columbia
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John Wenfiersten (a)
Anne D. Snodgrass (a)
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‘United ‘States,
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Executive Director
Joseph K. Hoffman

" General Counsel
Robert L. Bolle

(*)--Executive Committee
(a)--Alternate

51 Monroe Street, Suits PE-08
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Deceniber 17, 2009

Ms. Judi Birkitt Semor Planner
Department of Planning

Loudoun County Government p
1 Harrison Street,"S.E.

Leesburg, VA 20175

A v
, ;

RE: ZMAP-2009-0005
GEP/S Hybrid Energy P:Qrk

n
Dear Ms. Bu'klﬁ e

to express our conc regardm the potentlal 1mpact on Washmgton metropohtan area
(WMA) water supj ly of the power generating plant proposed by Green Energy

Partners/| StonewalLLCC (GEP/S). 1t is our understanding that this facility would use
approximately 5 mi{lion galloris per day of water for cooling purposes, and that this water
would likely be purchased frém the Leesburg municipal waste water treatment plant. It is
also our understandmg thatthis water use will be entirely consumptive, that is, that
evaporation and other processes will result i in a 100% loss of this water to downstream
users.

Consuniptivé:ise of water is an issue of growing concern in the Potomac River basin.
Consumptive use is defined as the portion of total water use that is nade unavailable, due
to losses from processes such as €vaporation or incorporation into vegetation or products,
for further'té-use in the watershed. In the Potomac River basin, water used non- :
consupip tively-by municipalities and industries is eventually returned to the Potomac

River for potable re-use, via discharges of treated waste water into basin streams.

Cunently, a large portion of the water used by municipalities such as Leesburg is non-
consumptive, and this fact helps sustain flows in the river, especially during times of
drought. The farthest downstream usefs in the basin are the WMA water suppliers,
Fairfax Water, Washington Suburban Sanitary Commission, and the Washington
Aqueduct, who rely in part on the water returned to the river by upstream users. Both
Maryland and Virginia have récognized the importance this issue by specifically
addressing it in their water withdrawal permitting regulations, which require mitigation
measures for certain consumptive uses in the Potomac basin in the form of water storage
facilities or agreements to reduce use when river flow drops below a specified threshold.

The ICPRB is an inferstate compact commission established by Congress in 1940. Its mission is the
enhancement, protection, and conservation of the water resources of the Pofomac River and its tributaries
through regional and inferstate cooperation. Represented by appointed commissioners, the ICPRB includes the
District of Columbia, Maryland, Pennsylvania, Virginia, West Virginia, and the federal government

ATTACHMENT S a
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ICPRB has a long-standing interest in issues related to water supply in the Potomac River basin.
In 1979, in the face of growing concern about the ability of the Potomac River to satisfy water
demand in the Washington metropolitan area during times of drought, ICPRB established its CO-
OP section to serve as a technical center for cooperative water supply management in the basin.
In 1982, at the request of the three major WMA water suppliers, CO-OP assumed responsibility
for coordination of WMA water supply operations during low-flow conditions, as well as long-
term planning, through the signing of the Water Supply Coordination Agreement (W SCA).
These operations may include releases of water from storage in Jennings Randolph Reservoir
which was jointly paid for by the WMA suppliers to augment low flows in the Potomac River.
The WSCA, an agreement between the WMA water suppliers, ICPRB, and the District of
Columbia, was the second of two key interstate agreements that govern water withdrawals in'the
Potomac River under low flow conditions. The first of these agreements, the Low Flow
Allocation Agreement (LFAA) of 1978, established a methodology for allocating wagerin the
event that flows in the Potomac River should fall below minimum levels needed to meet WMA
demand and satisfy environmental flow requirements. Since the signing of the WSCA in 1982,
the cooperative approach to water supply operations established by this agreement has succeeded
in meeting growing WMA water demand and satisfying recommended environmental flow
requirements, and to-date, has avoided need for invocation of the LFAA.

To help maintain the reliability of our regional water supply, we respectfully request that you
consider requiring the following in regard to the GEP/S proposal:

o Preferably, that the generating facility use an air cooling system as an alternative to a
water cooling system, or

o Otherwise, if a water cooling system is used, that the applicants make contractual
arrangements for water storage of sufficient capacity to off-set consumptive use during

periods when flow in the Potomac River falls to levels triggering provisions of the
WSCA.

The economic health and vibrancy of our region requires both energy and water. These two
resources are increasingly linked, but with planning and foresight we can ensure that adequate
supplies of both will be available in the future. We appreciate your time and consideration.

Respectfully,

oseph Hoffman, utive Director
Interstate Commission on the Potomac River Basin

Cc/ Valerie Rourke, Virginia Department of Environmental Quality
John Grace, Maryland Department of Environment
Charles Murray, Fairfax Water
Thomas Jacobus, Washington Aqueduct
Jerry Johnson, Washington Suburban Sanitary Commission

ICPRB comments on GEP/S, December 17, 2009
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ICPRB Strategic Plan, 2006

he ICPRB mission is to enhance, protect, and
conserve the water and associated land
resources of the Potomac River basin and its
tributaries through regional and interstate
cooperation.
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The ICPRB mission is fulfilled through pursuit of the following three strategic goals
using sound, unbiased science and credible technological methods:

1.) Promote watershed-based management protective of ecosystems and water resources.
2.) Foster development of engaged and knowledgeable citizens and stakeholders.
Further, the strategic plan must address the health of the agency as well as the watershed:

3.) Acquire resources to achieve recognition of ICPRB as a vital link in the basin’s health and
future.

These goals are supported by strategic initiatives and measures of accomplishment. These items are
further supported by the annual Program Plan and Budget and the workplans of ICPRB units.
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Goal 1. Promote watershed-based management protective of ecosystems and water
resources.

Relationship to compact: Article II (A), (E), (F); Article V 1, 2
Relationship to 1999 ICPRB strategic plan: Goals 1, 2, 3, 5, 7

Initiatives

* Facilitate inter-jurisdictional cooperation and communication concerning water supply issues.

* Develop a set of tools to evaluate the impacts of changes in consumptive use, land use, and
climate change on water supply in the basin.

* Conduct research to seek and develop answers to large-scale basin challenges.

* Identify water quality/watershed stressors meriting basin-wide criteria.

* Develop and propose watershed-wide water criteria for adoption by the jurisdictions.

* Build consensus with jurisdictions/stakeholders.

* Establish interstate committees to raise interest and commitment for common standards.

* Become the premier agency for modeling and monitoring analysis tools basin-wide and
throughout the basin.

Measures of Accomplishment
*Produce:
Indices of integrity
Models
Maps of status
Interpretive reports
Reviews of state assessment reports
Watershed health criteria
* Create a schedule for identifying, developing and building consensus for watershed criteria.

* Convene a meeting of Coastal Plain water supply scientist/stakeholders at least annually.

* Convene a meeting of upper Potomac basin (or selected sub-basin) water supply
scientists/stakeholders at least annually.

* Provide the Monocacy basin ground water model to stakeholders by 2009.
* Complete the phase 1 upper Potomac basin watershed/ground water model by 2008.

* Complete the phase 2 upper Potomac basin watershed/ground water model by 2012 (subject to
funding).

* Submit at least two grant proposals annually on behalf of DWSPP.

* Submit at least two grant proposals annually focused on water quantity issues.
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Goal 2. Foster development of engaged and knowledgeable citizens and
stakeholders.

Relationship to compact: Article II (B), (C), (D)

Initiatives

* Increase outreach and education programs focused on reaching basin youth and adults,
business, and leadership based on conservation, protection, restoration, and pollution
abatement.

* Increase ICPRB visibility to all basin stakeholders.

* Increase citizen stewardship through creation/support of watershed coordinators and citizen
watershed groups throughout the basin.

* Continue enhancements to the ICPRB website to make it the recognized resource for
information on Potomac water issues.

* Expand geographic information systems to support enhancements for the website and technical
projects, such as TMDLs.

* Exchange knowledge and ideas from outside the Potomac basin (technology transfer).
* Explore options to make library holdings database more accessible.

Measures of Accomplishment

* Enlarge recipient list for press releases and other products to include more government

agencies and elected officials.

* Increase website traffic by completion of “basin tour” section and conversion to interactive web
maps highlighting basin resources.

* Increase capacity for more presentations and other personal contact with stakeholders.
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Goal 3. Acquire resources to achieve recognition of ICPRB as a vital link in the
basin’s health and future.

Relationship to compact: Article II (D); Article V 1,2,3
Relationship to 1999 ICPRB strategic plan: Goals 6, 8

Initiatives
* Obtain adequate funding that enables the agency to react quickly and provide sustainable
management strategies and solutions for implementation.

* Promote commissioner and jurisdiction involvement through policy-oriented business
meetings, seeking a balance of stakeholder interests among commission delegations, and

closer working relationships between commissioners and staff.

* Explore innovative or entrepreneurial ways to secure funding, such as a dedicated sources from
fees or foundations.

* Enhance staff retention and job satisfaction through educational and other advancement
opportunities, and use of IPA programs or internships to supplement staff.

* Create a standing subcommittee (Commissioners and staff) for each of the three strategic goals
to encourage collaboration and to focus energy and ideas for accomplishment.

* Resolve ICPRB eligibility for various categories of federal and other grants.
Measures of Accomplishment
* Create regular e-letters and other services, similar to the clip service, to keep commissioners

and stakeholders involved and informed.

* Enhanced participation by signatory jurisdictions evidenced by increased Commissioner
attendance and committee membership.

* New sources of project and grant funds are recognized and used.

ADOPTED ON SEPTEMBER 12, 2006
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I. Executive Summary
A. Introduction

The objectives of the study include an assessment of current and future water demands (with a
focus on consumptive use) to the year 2030, and an estimate of available resources in the non-
tidal portion of the Potomac River basin. The Potomac River basin upstream of, and including
the Washington metropolitan area is defined as the non-tidal portion. The assessment of future
water use in this study will assist the regulatory agencies and water utilities in addressing the
future adequacy of fresh water resources in the Potomac River basin.

Consumptive use upstream in the Potomac River basin reduces the amount of water allocatable
and available for further use by those downstream. The concept of consumptive use as used here
is consistent with that of others in the field, including the U.S. Geological Survey (USGS): “That
part of water withdrawn that is evaporated, transpired, incorporated into products or crops,
consumed by humans or livestock, or otherwise removed from the immediate water
environment,” (USGS, 1998).

This is not a study that examines the environmental effects of low flow on the flora and fauna of
the Potomac River, nor does this study attempt to evaluate future sources of water supply in the
basin. This study does not identify potential instances where withdrawals may be greater than
flow at the local scale, i.e., in particular tributaries in the headwaters of the Potomac River basin;
but instead compares consumptive demand to Potomac River flows at a broader spatial scale.

Two main approaches were used in the study. The first approach provided a summary of water
use forecasts by state and the District of Columbia. This approach provides annual average
values of consumptive use. Analyses by state were not adjusted to include dry year or seasonal
effects on consumptive use. No resource analysis was conducted based on the summary of
forecasts by state.

The second approach provided a summary of water use forecasts by watershed, Hydrologic Unit
Code' (HUC). This approach provided estimates of consumptive use that were adjusted to
represent dry year and seasonal effects on consumptive use.

A major element of the study is the resource analysis, which was conducted using the seasonal
estimates of consumptive use via the HUC watershed approach. The conclusions of the report are
based on the resource analysis conducted using the HUC watershed approach.

'A Hydrologic Unit Code refers to a USGS designated natural drainage basin or
hydrologic area. There are 9 HUC regions in the Potomac River basin upstream of the
Washington DC area. The USGS provides its water use data by HUC region.
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This study relies on data and information compiled and analyzed from a wide range of sources.
The data and information are associated with almost as many time periods as the sources from
which they are drawn. The present study focuses on a forecast of water demand out to the year
2030. Although it was intended to use existing data and information as much as possible, in
many cases forecasts have had to be extended to consistently reach the year 2030. The
discussion of the analysis describes those cases where documented information has been
extended for completeness and consistency.

It should be noted that extended forecasts are an extrapolation of prior trends, and were not
conducted with regard to economic considerations or capacity issues.

B. Study method used to develop state and county based forecasts of consumptive water use

USGS water use data were summarized in the basin on a state and county-level basis in order to
provide a readily recognizable geo-political frame of reference. In general, water use was
assessed for the broad categories: domestic, commercial, industrial, and agricultural, separately
for water that is supplied by community systems and for that which is self-supplied by the
consumer. Water consumptively used was tallied for each of the broad use categories for a base
year. Forecasts were performed at 10-year intervals for the forecast period: 2000 through 2030.

C. Study method used to develop forecasts of consumptive water use by HUC region

The USGS has compiled uniformly collected baseline estimates of water use data for the nation
at 5-year intervals since 1950. Consumptive water use estimates were obtained from the USGS
(1995) by categories of domestic, commercial, industrial, thermoelectric, mining, livestock and
irrigation water use. In the present study, the data were compiled for the Potomac River basin
for a base year (1995) and were extrapolated using forecasts of households, population and
irrigated acreage as appropriate. USGS consumptive use data for 1995 provided the basis of the
forecast for all but the domestic category. The method for developing forecasts of domestic
consumptive water use was based on calculations of regional per household consumptive use for
the Washington metropolitan area and on projections of the number of households in the basin.

In order to compare the total consumptive use to summertime low flows, potential variation in
seasonal water use patterns and in drought year use were quantified. Seasonal year variation
in agricultural irrigation withdrawals and outdoor domestic water use could change the
magnitude of summertime consumptive use, especially as compared to annual average values.
Domestic outdoor water use and irrigation water use are also higher during drought years.
Estimates of current and future domestic and irrigation consumptive use were estimated for the
peak use months of June, July and August and were also adjusted to represent demands during
drought years. Commercial, industrial, thermoelectric, mining, and livestock consumptive
demands were assumed to be unchanged by drought versus normal year conditions or by seasonal
factors.



D. Demand forecast results

Forecasts of population and other water use factors were based on forecasts derived from state,
county and regional planning agencies, and the Chesapeake Bay Program of the U.S. EPA; and
on the expected water use impacts of the Federal Energy Policy Act of 1992.

Forecasts of consumptive water use and population are presented by county and by state (Figure
ES - 1) for the following water use sectors: domestic, commercial, industrial, and agricultural
categories and are further defined by supply source (self supplied or public supply).
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Figure ES - 1: Counties entirely or partially within the Potomac River basin



The water use forecast results are also presented by 8-digit HUC region (Figure ES - 2) for the
following water use sectors: domestic, commercial, industrial, thermoelectric, mining, livestock,
and irrigation.

The vast majority of the population of the study area lives in the Maryland and Virginia suburbs
of the District of Columbia, and in the city itself. Water use is reflected in this population
pattern. The largest increases in population and water use are forecast to follow the same pattern
— extending to a somewhat wider area around the current metropolitan area.
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A summary of daily water use forecasts, including the increase from 2000 to 2030, is presented
by state and the District of Columbia in Table ES - 1, as values averaged over a whole year.
Values from this table have not been adjusted to include dry year or seasonal effects on
consumptive use.

Table ES - 1: Population, Total Water Use, and Consumptive Use: Non-tidal Potomac River
Basin

Non-Tidal
Potomac Basin Year 2000 Year 2030 2000 to 2030 Increase
Part or Whole Population | Total Use | Population | Total Use | Population | Total Use
Jurisdiction (thousands) (mgd) (thousands) (mgd) (thousands) (mgd)
Maryland 2,036.2 338.3 2,546.6 410.4 510.4 721
District of Columbia 518.1 130.4 669.0 154.5 150.9 241
Pennsylvania 179.8 29.7 195.8 31.0 16.0 1.3
Virginia 2,135.1 303.7 2,984.8 4141 849.7 110.4
West Virginia 207.5 62.3 270.3 74.8 62.7 12.5
Total 5,076.8 864.4 6,666.5 1,084.8 1,589.8 220.4

Notes:

1. All data are shown as average annual values.

2. Population is resident population served by sources in the non-tidal Potomac River basin and by the associated
sources: Patuxent reservoirs and Occoquan/Manassas reservoirs.

3. Total use refers to water used for all purposes: domestic, commercial, industrial, agricultural, and unaccounted.
4. The consumptive use in the area served by the Washington, DC metropolitan area water utilities is not calculated
or included in this table, because its impact is assumed to be negligible on the non-tidal Potomac River.

5. Water use presented in the table is the sum of all use, including consumptive use, and does not take into account
sequential down stream re-use of treated waste water after it is returned to rivers and streams. However, cumulative
consumptive use is addressed in the Hydrologic Unit Code (HUC) sub-watershed analyses later in this report.

When seasonal and drought year factors are included in the HUC region analyses, a higher
estimate of consumptive use is derived than that of the state analyses shown in Table ES-1.
Estimates of average June through August consumptive use assuming dry year conditions are
presented by HUC region in Table ES-2. Agricultural water use was forecast differently between
the two analyses. The state analyses assumed agricultural use would remain constant at 1995
levels; whereas, more detailed analyses were conducted by HUC region in which resource
adequacy was also assessed. In the HUC region analyses consumptive use by livestock was
assumed to increase in proportion to increases in human population, and use by irrigation was
assumed to increase in proportion to forecast increases in irrigated acreage.



Table ES-2. Estimated 1995 levels of June through August Potomac River basin consumptive
use by HUC watershed and by category of use estimated for a drought year.

HUC 8 Name Domestic| Commercial| Industrial] Thermo-| Mining| Livestock| Irrigation| Totals
electric
South Branch Potomac 1.5 1 24 0 0 0.9 0 5.8
North Branch Potomac 5.6 0.2 7| 10.5(b) 0.3 0.5 0.3| 24.5
Cacapon-Town 1.2 0 0 0 0 0.6 0.1 1.9
Conococheague-Opequon 21.2 1.2 2.6 0.3 0.3 3.3 4.8/ 33.6
South Fork Shenandoah 10.8 1.1 29 0 0 1.6 1.8/ 18.2
North Fork Shenandoah 3.1 0.5 0.4 0 0 2.6 1.4 8
Shenandoah 23 0.5 0.9 0 0 1.5 0.4 5.6
Middle Pot.-Catoctin (a) 4.7 0.2 0.1 3.3 0 1.1 34| 1238
Monocacy 12.3 0.7 0.8 0 0.3 2 59| 21.9
Totals 62.8 5.3 17.3 14 0.9 14.1 18.1| 132.4
Totals excluding Mt. 62.8 5.3 17.3 3.6 0.9 14.1 18.1| 121.9
Storm (b)
Notes:

(a) The middle Potomac-Catoctin HUC only includes those totals for the non-metro portions of the Washington metropolitan area.
(b) Mount Storm in the North Branch is upstream of river regulating reservoirs and its consumptive demand is mitigated by minimum streamflow
releases from the downstream reservoirs.

The data in Table ES-2 show that consumptive use in a hot dry year would have been
approximately 122 million gallons per day (mgd) in 1995 during the months of June, July and
August. The most significant consumptive uses of water are the domestic (62.8 mgd), irrigation
(18.1 mgd), and industrial (17.3 mgd) categories of water use. These three categories would have
accounted for about 80 percent of the consumptive use in the basin during June through August,
had a drought occurred in 1995.

The data in Table ES-3 show a forecast of consumptive use for the basin through 2030 given a
repeat of drought conditions, and adjusted to represent June through August consumptive use
patterns.

Table ES-3: Forecast of average June through August consumptive water use by HUC given hot
and dry conditions

HUC 8 name 2000 | 2010 | 2020 | 2030
South Branch Potomac 5.9 6 6.1 6.2
North Branch Potomac 24.5 24.6 24.7 24.7
Cacapon-Town 2 2.1 2.2 2.4
Conococheague-Opequon 35.4 38.4 40.9 43.5
South Fork Shenandoah 18.9 19.9 20.9 21.9
North Fork Shenandoah 8.5 9.2 9.9 10.6
Shenandoah 6 6.6 7.2 7.8
Middle Potomac-Catoctin (a) 13.8 15.6 17 18.5
Monocacy 241 27.9 30.4 33.5
Totals 139.1 | 150.4 | 159.3 | 169.1
Totals without Mount Storm (b) 128.6 | 139.9 | 148.8 | 158.6
Notes:

(a) The middle Potomac-Catoctin HUC only includes those totals for the non-metro portions of the Washington metropolitan area.
(b) Mount Storm in the North Branch is upstream of river regulating reservoirs and its consumptive demand is mitigated by minimum streamflow
releases from the downstream reservoirs.



Table ES-3 shows that consumptive demand is expected to grow from 129 mgd in 2000 to159
mgd in 2030 (a net change of 30 mgd over 30 years) during hot and dry conditions for the months
of June through August.

The effect of potential climate change on resources was not considered in the present study.
There are numerous and substantial uncertainties associated with anticipated climate change, not
least of which is the lack of any clear climate result for this region from the five different global
circulation models previously examined; therefore, no potential climate change impacts were
incorporated in the analysis of resources for the present study.

A sensitivity analysis shows a ten percent change in the growth factors for each sector had the
biggest impact on the domestic sector, accounting for 48 percent of the total change in demand for
all sectors. The next biggest change was irrigation at 15 percent of the total change, followed by
thermoelectric at 12 percent and industrial at 10 percent. Commercial and mining categories
accounted for less than 5 percent each of the total change.

E. Resource Assessment

A resource assessment was conducted to compare consumptive demands with Potomac River
flow at several scales. Table ES-4 provides a summary of the resource assessment results.

Table ES-4: Summary of resource assessment results

Scale Conclusion

Individual Consumptive withdrawals in some parts of the Middle Potomac HUC region appear to be nearly
HUCs equal to total low flow during drought periods.

The Monocacy HUC’s consumptive withdrawals are presently nearly equal to total low flow during
drought periods, and are predicted to increase higher than the minimum 1930 historical streamflow
by 2030.

For the remaining HUC regions, the estimates of consumptive demands for 2000 are approximately
7 to 43 percent of the minimum flow for each HUC. The estimates of consumptive demand for
2030 are 8 to 56 percent of the minimum flow

Regional Resources will be adequate to meet water supply demands in the Potomac River upstream of
(grouped Washington DC in the year 2030.
HUCs)

Withdrawals were calculated to be 13 to 27 percent of the minimum flow in 2000 and 14 to 33
percent of the minimum flow in 2030 for all groups evaluated.

Withdrawals were calculated to be 10 to 16 percent of the 7Q10 flow in 2000 and 11 to 20 percent
of the minimum flow in 2030.




Scale Conclusion

Basin-wide | Resources will be adequate to meet water supply demands and current environmental flow
(Potomac recommendations in the Potomac River at Washington DC in the year 2030 under a repeat of the
at DC) historical drought of record, but resources nearly would be depleted in this scenario.

If climate change were to occur, demands could increase and streamflow resources could decrease
relative to historical conditions. Sensitivity analysis shows that given a reduction in historical
streamflow of 5 percent and a 9.5 percent increase in Washington area water supply demands, the
system of reservoirs could meet demands in 2020 but reserve storage would be nearly depleted.

Consumptive demands have an impact on long-term water supply resource availability at DC,
decreasing the amount of remaining water supply in the reservoirs and increasing the frequency of
voluntary and mandatory restrictions required to meet demands for the Washington metropolitan
area in the year 2030.

Consumptive demands increase the frequency and duration of low flows in the Potomac River at
Little Falls; however, the release of water from upstream reservoirs to meet local environmental
flow requirements limits the effect of the increased consumptive demand on the magnitude of
extreme low flows.

F. Conclusions

Cumulative consumptive demands for the Potomac basin upstream of the WMA were combined
with current and forecast water supply withdrawals for the WMA and compared to historical river
flow at Little Falls near Washington, D.C., which is downstream of all major Potomac River basin
water supply intakes. For the Washington metropolitan area, resources will be adequate to meet
demands in the year 2030 under a repeat of the historical drought of record but resources would be
nearly depleted in this scenario. Consumptive demands have an impact on long-term water supply
resource availability at DC, decreasing the amount of remaining water supply in the reservoirs in
future years and increasing the frequency of voluntary and mandatory restrictions required so that
demands can be met for the WMA. Consumptive demands increase the frequency and duration of
low flows in the Potomac River at Little Falls, but because of reservoir regulation to meet
environmental flow requirements, the magnitude of extreme low flows is not affected by
increasing consumptive demands.

Cumulative demands on the Potomac River itself were evaluated throughout the basin through the
medium scale analysis (grouped HUC region analysis). Resources will be adequate to meet water
supply demands in the year 2030 in the Potomac River upstream of Washington DC.
Consumptive demands throughout the basin upstream of DC are currently at most about a quarter
of the total flow in the free flowing Potomac during a repeat of the historical lowest flows. The
consumptive demand is forecast to increase to up to a third of the historic low flow by 2030.
Given flows that have a ten percent probability of occurring in any year, the current consumptive
demand throughout the basin is less than a sixth of the flow at any point, and is forecast to be up
to about a fifth of the flow in 2030.

At the individual HUC scale, two of the seven HUC regions evaluated may not have enough flow
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to meet current and predicted consumptive demand during a repeat of the lowest historical
minimum flow (Monocacy and Middle Potomac Catoctin). For the remaining individual HUC
regions, estimates of consumptive demands range from approximately 7 to 43 percent of the
minimum flow in 2000 and from 8 to 56 percent of the minimum daily flow in 2030.

This analysis did not attempt to identify potential problems at the local scale, i.e., for individual
tributary streams in the headwaters of the Potomac.

G. Future Work

Although the present study was expected to rely primarily on existing data and information, a
significant amount of important new work was performed in the course of producing the results
presented herein. During the study, several other potentially important areas of investigation were
identified, but limitations on time and resources did not permit further work. Future effort spent
on the following issues would lead to significant refinements in the forecast of water demand and
the adequacy of resources to meet those demands in the future.

. Analyses of demands and resources within small watersheds (HUCs) would identify
potential future resource availability problems at the local scale. In order to address the
problems noted above for the Monocacy and Middle Potomac HUC regions, and to
identify potential problems at the local scale, a forecast for each of the major components
of seasonal demand (for the Potomac the major components are domestic, commercial,
industrial, thermoelectric, livestock, and irrigation) would need to be identified spatially.
GIS tools could be used to assist in combination with soil type, gage information, and
areal adjustment could be used to identify 7Q10 and minimum historical flows at each
withdrawal point. Cumulative upstream withdrawals could be accounted for using these
spatial tools. The contribution to supply from small locally important upstream reservoirs
would also be considered.

. Consumptive water use forecasts for the largest water using sector would be more
confidently conducted if the assumption that outdoor domestic water use for the several
housing types is the same throughout the basin as it is for the WMA could be tested.

. Future work might verify the USGS estimates of consumptive use for commercial,
industrial, thermoelectric, livestock, and irrigation withdrawals in the basin, and resolve
whether seasonal variations in consumptive demands for these categories of water use
were significant.

. A more detailed consideration of ground water as a resource would provide useful
refinements to the results.

. A thorough discussion of other issues (e.g. climate change, minimum instream flow

requirements) impacting or potentially impacting demands and resources throughout the
watershed would help integrate resources management issues for the Potomac basin.
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I. Executive Summary
A. Introduction

The objectives of the study include an assessment of current and future water demands (with a
focus on consumptive use) to the year 2030, and an estimate of available resources in the non-
tidal portion of the Potomac River basin. The Potomac River basin upstream of, and including
the Washington metropolitan area is defined as the non-tidal portion. The assessment of future
water use in this study will assist the regulatory agencies and water utilities in addressing the
future adequacy of fresh water resources in the Potomac River basin.

Consumptive use upstream in the Potomac River basin reduces the amount of water allocatable
and available for further use by those downstream. The concept of consumptive use as used here
is consistent with that of others in the field, including the U.S. Geological Survey (USGS): “That
part of water withdrawn that is evaporated, transpired, incorporated into products or crops,
consumed by humans or livestock, or otherwise removed from the immediate water
environment,” (USGS, 1998).

This is not a study that examines the environmental effects of low flow on the flora and fauna of
the Potomac River, nor does this study attempt to evaluate future sources of water supply in the
basin. This study does not identify potential instances where withdrawals may be greater than
flow at the local scale, i.e., in particular tributaries in the headwaters of the Potomac River basin;
but instead compares consumptive demand to Potomac River flows at a broader spatial scale.

Two main approaches were used in the study. The first approach provided a summary of water
use forecasts by state and the District of Columbia. This approach provides annual average
values of consumptive use. Analyses by state were not adjusted to include dry year or seasonal
effects on consumptive use. No resource analysis was conducted based on the summary of
forecasts by state.

The second approach provided a summary of water use forecasts by watershed, Hydrologic Unit
Code' (HUC). This approach provided estimates of consumptive use that were adjusted to
represent dry year and seasonal effects on consumptive use.

A major element of the study is the resource analysis, which was conducted using the seasonal
estimates of consumptive use via the HUC watershed approach. The conclusions of the report are
based on the resource analysis conducted using the HUC watershed approach.

'A Hydrologic Unit Code refers to a USGS designated natural drainage basin or
hydrologic area. There are 9 HUC regions in the Potomac River basin upstream of the
Washington DC area. The USGS provides its water use data by HUC region.
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This study relies on data and information compiled and analyzed from a wide range of sources.
The data and information are associated with almost as many time periods as the sources from
which they are drawn. The present study focuses on a forecast of water demand out to the year
2030. Although it was intended to use existing data and information as much as possible, in
many cases forecasts have had to be extended to consistently reach the year 2030. The
discussion of the analysis describes those cases where documented information has been
extended for completeness and consistency.

It should be noted that extended forecasts are an extrapolation of prior trends, and were not
conducted with regard to economic considerations or capacity issues.

B. Study method used to develop state and county based forecasts of consumptive water use

USGS water use data were summarized in the basin on a state and county-level basis in order to
provide a readily recognizable geo-political frame of reference. In general, water use was
assessed for the broad categories: domestic, commercial, industrial, and agricultural, separately
for water that is supplied by community systems and for that which is self-supplied by the
consumer. Water consumptively used was tallied for each of the broad use categories for a base
year. Forecasts were performed at 10-year intervals for the forecast period: 2000 through 2030.

C. Study method used to develop forecasts of consumptive water use by HUC region

The USGS has compiled uniformly collected baseline estimates of water use data for the nation
at 5-year intervals since 1950. Consumptive water use estimates were obtained from the USGS
(1995) by categories of domestic, commercial, industrial, thermoelectric, mining, livestock and
irrigation water use. In the present study, the data were compiled for the Potomac River basin
for a base year (1995) and were extrapolated using forecasts of households, population and
irrigated acreage as appropriate. USGS consumptive use data for 1995 provided the basis of the
forecast for all but the domestic category. The method for developing forecasts of domestic
consumptive water use was based on calculations of regional per household consumptive use for
the Washington metropolitan area and on projections of the number of households in the basin.

In order to compare the total consumptive use to summertime low flows, potential variation in
seasonal water use patterns and in drought year use were quantified. Seasonal year variation
in agricultural irrigation withdrawals and outdoor domestic water use could change the
magnitude of summertime consumptive use, especially as compared to annual average values.
Domestic outdoor water use and irrigation water use are also higher during drought years.
Estimates of current and future domestic and irrigation consumptive use were estimated for the
peak use months of June, July and August and were also adjusted to represent demands during
drought years. Commercial, industrial, thermoelectric, mining, and livestock consumptive
demands were assumed to be unchanged by drought versus normal year conditions or by seasonal
factors.



D. Demand forecast results

Forecasts of population and other water use factors were based on forecasts derived from state,
county and regional planning agencies, and the Chesapeake Bay Program of the U.S. EPA; and
on the expected water use impacts of the Federal Energy Policy Act of 1992.

Forecasts of consumptive water use and population are presented by county and by state (Figure
ES - 1) for the following water use sectors: domestic, commercial, industrial, and agricultural
categories and are further defined by supply source (self supplied or public supply).
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Figure ES - 1: Counties entirely or partially within the Potomac River basin



The water use forecast results are also presented by 8-digit HUC region (Figure ES - 2) for the
following water use sectors: domestic, commercial, industrial, thermoelectric, mining, livestock,
and irrigation.

The vast majority of the population of the study area lives in the Maryland and Virginia suburbs
of the District of Columbia, and in the city itself. Water use is reflected in this population
pattern. The largest increases in population and water use are forecast to follow the same pattern
— extending to a somewhat wider area around the current metropolitan area.
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A summary of daily water use forecasts, including the increase from 2000 to 2030, is presented
by state and the District of Columbia in Table ES - 1, as values averaged over a whole year.
Values from this table have not been adjusted to include dry year or seasonal effects on
consumptive use.

Table ES - 1: Population, Total Water Use, and Consumptive Use: Non-tidal Potomac River
Basin

Non-Tidal
Potomac Basin Year 2000 Year 2030 2000 to 2030 Increase
Part or Whole Population | Total Use | Population | Total Use | Population | Total Use
Jurisdiction (thousands) (mgd) (thousands) (mgd) (thousands) (mgd)
Maryland 2,036.2 338.3 2,546.6 410.4 510.4 721
District of Columbia 518.1 130.4 669.0 154.5 150.9 241
Pennsylvania 179.8 29.7 195.8 31.0 16.0 1.3
Virginia 2,135.1 303.7 2,984.8 4141 849.7 110.4
West Virginia 207.5 62.3 270.3 74.8 62.7 12.5
Total 5,076.8 864.4 6,666.5 1,084.8 1,589.8 220.4

Notes:

1. All data are shown as average annual values.

2. Population is resident population served by sources in the non-tidal Potomac River basin and by the associated
sources: Patuxent reservoirs and Occoquan/Manassas reservoirs.

3. Total use refers to water used for all purposes: domestic, commercial, industrial, agricultural, and unaccounted.
4. The consumptive use in the area served by the Washington, DC metropolitan area water utilities is not calculated
or included in this table, because its impact is assumed to be negligible on the non-tidal Potomac River.

5. Water use presented in the table is the sum of all use, including consumptive use, and does not take into account
sequential down stream re-use of treated waste water after it is returned to rivers and streams. However, cumulative
consumptive use is addressed in the Hydrologic Unit Code (HUC) sub-watershed analyses later in this report.

When seasonal and drought year factors are included in the HUC region analyses, a higher
estimate of consumptive use is derived than that of the state analyses shown in Table ES-1.
Estimates of average June through August consumptive use assuming dry year conditions are
presented by HUC region in Table ES-2. Agricultural water use was forecast differently between
the two analyses. The state analyses assumed agricultural use would remain constant at 1995
levels; whereas, more detailed analyses were conducted by HUC region in which resource
adequacy was also assessed. In the HUC region analyses consumptive use by livestock was
assumed to increase in proportion to increases in human population, and use by irrigation was
assumed to increase in proportion to forecast increases in irrigated acreage.



Table ES-2. Estimated 1995 levels of June through August Potomac River basin consumptive
use by HUC watershed and by category of use estimated for a drought year.

HUC 8 Name Domestic| Commercial| Industrial] Thermo-| Mining| Livestock| Irrigation| Totals
electric
South Branch Potomac 1.5 1 24 0 0 0.9 0 5.8
North Branch Potomac 5.6 0.2 7| 10.5(b) 0.3 0.5 0.3| 24.5
Cacapon-Town 1.2 0 0 0 0 0.6 0.1 1.9
Conococheague-Opequon 21.2 1.2 2.6 0.3 0.3 3.3 4.8/ 33.6
South Fork Shenandoah 10.8 1.1 29 0 0 1.6 1.8/ 18.2
North Fork Shenandoah 3.1 0.5 0.4 0 0 2.6 1.4 8
Shenandoah 23 0.5 0.9 0 0 1.5 0.4 5.6
Middle Pot.-Catoctin (a) 4.7 0.2 0.1 3.3 0 1.1 34| 1238
Monocacy 12.3 0.7 0.8 0 0.3 2 59| 21.9
Totals 62.8 5.3 17.3 14 0.9 14.1 18.1| 132.4
Totals excluding Mt. 62.8 5.3 17.3 3.6 0.9 14.1 18.1| 121.9
Storm (b)
Notes:

(a) The middle Potomac-Catoctin HUC only includes those totals for the non-metro portions of the Washington metropolitan area.
(b) Mount Storm in the North Branch is upstream of river regulating reservoirs and its consumptive demand is mitigated by minimum streamflow
releases from the downstream reservoirs.

The data in Table ES-2 show that consumptive use in a hot dry year would have been
approximately 122 million gallons per day (mgd) in 1995 during the months of June, July and
August. The most significant consumptive uses of water are the domestic (62.8 mgd), irrigation
(18.1 mgd), and industrial (17.3 mgd) categories of water use. These three categories would have
accounted for about 80 percent of the consumptive use in the basin during June through August,
had a drought occurred in 1995.

The data in Table ES-3 show a forecast of consumptive use for the basin through 2030 given a
repeat of drought conditions, and adjusted to represent June through August consumptive use
patterns.

Table ES-3: Forecast of average June through August consumptive water use by HUC given hot
and dry conditions

HUC 8 name 2000 | 2010 | 2020 | 2030
South Branch Potomac 5.9 6 6.1 6.2
North Branch Potomac 24.5 24.6 24.7 24.7
Cacapon-Town 2 2.1 2.2 2.4
Conococheague-Opequon 35.4 38.4 40.9 43.5
South Fork Shenandoah 18.9 19.9 20.9 21.9
North Fork Shenandoah 8.5 9.2 9.9 10.6
Shenandoah 6 6.6 7.2 7.8
Middle Potomac-Catoctin (a) 13.8 15.6 17 18.5
Monocacy 241 27.9 30.4 33.5
Totals 139.1 | 150.4 | 159.3 | 169.1
Totals without Mount Storm (b) 128.6 | 139.9 | 148.8 | 158.6
Notes:

(a) The middle Potomac-Catoctin HUC only includes those totals for the non-metro portions of the Washington metropolitan area.
(b) Mount Storm in the North Branch is upstream of river regulating reservoirs and its consumptive demand is mitigated by minimum streamflow
releases from the downstream reservoirs.



Table ES-3 shows that consumptive demand is expected to grow from 129 mgd in 2000 to159
mgd in 2030 (a net change of 30 mgd over 30 years) during hot and dry conditions for the months
of June through August.

The effect of potential climate change on resources was not considered in the present study.
There are numerous and substantial uncertainties associated with anticipated climate change, not
least of which is the lack of any clear climate result for this region from the five different global
circulation models previously examined; therefore, no potential climate change impacts were
incorporated in the analysis of resources for the present study.

A sensitivity analysis shows a ten percent change in the growth factors for each sector had the
biggest impact on the domestic sector, accounting for 48 percent of the total change in demand for
all sectors. The next biggest change was irrigation at 15 percent of the total change, followed by
thermoelectric at 12 percent and industrial at 10 percent. Commercial and mining categories
accounted for less than 5 percent each of the total change.

E. Resource Assessment

A resource assessment was conducted to compare consumptive demands with Potomac River
flow at several scales. Table ES-4 provides a summary of the resource assessment results.

Table ES-4: Summary of resource assessment results

Scale Conclusion

Individual Consumptive withdrawals in some parts of the Middle Potomac HUC region appear to be nearly
HUCs equal to total low flow during drought periods.

The Monocacy HUC’s consumptive withdrawals are presently nearly equal to total low flow during
drought periods, and are predicted to increase higher than the minimum 1930 historical streamflow
by 2030.

For the remaining HUC regions, the estimates of consumptive demands for 2000 are approximately
7 to 43 percent of the minimum flow for each HUC. The estimates of consumptive demand for
2030 are 8 to 56 percent of the minimum flow

Regional Resources will be adequate to meet water supply demands in the Potomac River upstream of
(grouped Washington DC in the year 2030.
HUCs)

Withdrawals were calculated to be 13 to 27 percent of the minimum flow in 2000 and 14 to 33
percent of the minimum flow in 2030 for all groups evaluated.

Withdrawals were calculated to be 10 to 16 percent of the 7Q10 flow in 2000 and 11 to 20 percent
of the minimum flow in 2030.




Scale Conclusion

Basin-wide | Resources will be adequate to meet water supply demands and current environmental flow
(Potomac recommendations in the Potomac River at Washington DC in the year 2030 under a repeat of the
at DC) historical drought of record, but resources nearly would be depleted in this scenario.

If climate change were to occur, demands could increase and streamflow resources could decrease
relative to historical conditions. Sensitivity analysis shows that given a reduction in historical
streamflow of 5 percent and a 9.5 percent increase in Washington area water supply demands, the
system of reservoirs could meet demands in 2020 but reserve storage would be nearly depleted.

Consumptive demands have an impact on long-term water supply resource availability at DC,
decreasing the amount of remaining water supply in the reservoirs and increasing the frequency of
voluntary and mandatory restrictions required to meet demands for the Washington metropolitan
area in the year 2030.

Consumptive demands increase the frequency and duration of low flows in the Potomac River at
Little Falls; however, the release of water from upstream reservoirs to meet local environmental
flow requirements limits the effect of the increased consumptive demand on the magnitude of
extreme low flows.

F. Conclusions

Cumulative consumptive demands for the Potomac basin upstream of the WMA were combined
with current and forecast water supply withdrawals for the WMA and compared to historical river
flow at Little Falls near Washington, D.C., which is downstream of all major Potomac River basin
water supply intakes. For the Washington metropolitan area, resources will be adequate to meet
demands in the year 2030 under a repeat of the historical drought of record but resources would be
nearly depleted in this scenario. Consumptive demands have an impact on long-term water supply
resource availability at DC, decreasing the amount of remaining water supply in the reservoirs in
future years and increasing the frequency of voluntary and mandatory restrictions required so that
demands can be met for the WMA. Consumptive demands increase the frequency and duration of
low flows in the Potomac River at Little Falls, but because of reservoir regulation to meet
environmental flow requirements, the magnitude of extreme low flows is not affected by
increasing consumptive demands.

Cumulative demands on the Potomac River itself were evaluated throughout the basin through the
medium scale analysis (grouped HUC region analysis). Resources will be adequate to meet water
supply demands in the year 2030 in the Potomac River upstream of Washington DC.
Consumptive demands throughout the basin upstream of DC are currently at most about a quarter
of the total flow in the free flowing Potomac during a repeat of the historical lowest flows. The
consumptive demand is forecast to increase to up to a third of the historic low flow by 2030.
Given flows that have a ten percent probability of occurring in any year, the current consumptive
demand throughout the basin is less than a sixth of the flow at any point, and is forecast to be up
to about a fifth of the flow in 2030.

At the individual HUC scale, two of the seven HUC regions evaluated may not have enough flow
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to meet current and predicted consumptive demand during a repeat of the lowest historical
minimum flow (Monocacy and Middle Potomac Catoctin). For the remaining individual HUC
regions, estimates of consumptive demands range from approximately 7 to 43 percent of the
minimum flow in 2000 and from 8 to 56 percent of the minimum daily flow in 2030.

This analysis did not attempt to identify potential problems at the local scale, i.e., for individual
tributary streams in the headwaters of the Potomac.

G. Future Work

Although the present study was expected to rely primarily on existing data and information, a
significant amount of important new work was performed in the course of producing the results
presented herein. During the study, several other potentially important areas of investigation were
identified, but limitations on time and resources did not permit further work. Future effort spent
on the following issues would lead to significant refinements in the forecast of water demand and
the adequacy of resources to meet those demands in the future.

. Analyses of demands and resources within small watersheds (HUCs) would identify
potential future resource availability problems at the local scale. In order to address the
problems noted above for the Monocacy and Middle Potomac HUC regions, and to
identify potential problems at the local scale, a forecast for each of the major components
of seasonal demand (for the Potomac the major components are domestic, commercial,
industrial, thermoelectric, livestock, and irrigation) would need to be identified spatially.
GIS tools could be used to assist in combination with soil type, gage information, and
areal adjustment could be used to identify 7Q10 and minimum historical flows at each
withdrawal point. Cumulative upstream withdrawals could be accounted for using these
spatial tools. The contribution to supply from small locally important upstream reservoirs
would also be considered.

. Consumptive water use forecasts for the largest water using sector would be more
confidently conducted if the assumption that outdoor domestic water use for the several
housing types is the same throughout the basin as it is for the WMA could be tested.

. Future work might verify the USGS estimates of consumptive use for commercial,
industrial, thermoelectric, livestock, and irrigation withdrawals in the basin, and resolve
whether seasonal variations in consumptive demands for these categories of water use
were significant.

. A more detailed consideration of ground water as a resource would provide useful
refinements to the results.

. A thorough discussion of other issues (e.g. climate change, minimum instream flow

requirements) impacting or potentially impacting demands and resources throughout the
watershed would help integrate resources management issues for the Potomac basin.
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II. Introduction

The objectives of the study include an assessment of current and future water demands (with a
focus on consumptive use) to the year 2030, and an estimate of available resources in the non-tidal
portion of the Potomac River basin. The Potomac River basin upstream of, and including the
Washington metropolitan area is defined as the non-tidal portion. The assessment of future water
use in this study will assist the regulatory agencies and water utilities in addressing the future
adequacy of fresh water resources in the Potomac River basin.

Consumptive use upstream in the Potomac River basin reduces the amount of water allocatable
and available for further use by those downstream. The concept of consumptive use as used here
is consistent with that of others in the field, including the U.S. Geological Survey (USGS): “That
part of water withdrawn that is evaporated, transpired, incorporated into products or crops,
consumed by humans or livestock, or otherwise removed from the immediate water environment,”
(USGS, 1998).

This is not a study that examines the environmental effects of low flow on the flora and fauna of
the Potomac River, nor does this study attempt to evaluate future sources of water supply in the
basin. This study does not identify potential instances where withdrawals may be greater than
flow at the local scale, i.e., in particular tributaries in the headwaters of the Potomac River basin;
but instead compares consumptive demand to Potomac River flows at a broader spatial scale.

Two main approaches were used in the study. The first approach provides a summary of annual
average water use forecasts by state and the District of Columbia. Analyses by state were not
adjusted to include dry year or seasonal effects on consumptive use. No resource analysis was
conducted based on the summary of forecasts by state.

The second approach provided a summary of water use forecasts by watershed, Hydrologic Unit
Code” (HUC). This approach provided estimates of consumptive use that were adjusted to
represent dry year and seasonal effects on consumptive use.

A major element of the study is the resource analysis, which was conducted using the seasonal
estimates of consumptive use via the HUC watershed approach. The conclusions of the report are
based on the resource analysis conducted using the HUC watershed approach.

This study relies on data and information compiled and analyzed from a wide range of sources.
The data and information are associated with almost as many time periods as the sources from
which they are drawn. The present study focuses on a forecast of water demand out to the year
2030. Although it was intended to use existing data and information as much as possible, in many

*A Hydrologic Unit Code refers to a USGS designated natural drainage basin or
hydrologic area. There are 9 HUC regions in the Potomac River basin upstream of the
Washington DC area. The USGS provides its water use data by HUC region.
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cases forecasts have had to be extended to consistently reach the year 2030. The discussion of the
analysis describes those cases where documented information has been extended for completeness
and consistency

It should be noted that extended forecasts are an extrapolation of prior trends, and were not
conducted with regard to economic considerations or capacity issues.

For much of the basin, water withdrawn from the river is returned to the river a short distance
downstream via wastewater treatment plants. The analysis in this study accounts for this returned
water and assumes that it is of adequate quality for further use. Water that is not returned is
considered a consumptive use. However, most water withdrawn for drinking water supply in the
Washington, DC metropolitan area is not assumed to be available for flow augmentation in the
non-tidal Potomac. Most of DC’s wastewater is sent to the Blue Plains wastewater treatment
plant located in the Potomac’s tidal estuary, downstream of the water supply intakes. Thus, all
water withdrawn for drinking water supply in the DC area that is not returned to the non-tidal
Potomac river is considered a net consumptive use in this study.

Water that is lost through line leakage, meter mis-registration, and unbilled use is referred to as
unaccounted water. Estimates of unaccounted water were prepared for the Washington, DC
metropolitan area study and incorporated into this study because it generally cannot return to the
non-tidal basin as a resource for downstream users. Unaccounted for water in the non-tidal
Potomac River basin upstream of the metro area is not considered a use in the present study
because it is returned to the hydrologic environment far enough up stream in the basin that it does
not significantly impact the quantity of the available water supply resource.

The effect of potential climate change on resources was not considered in the present study.
There are numerous and substantial uncertainties associated with anticipated climate change, not
least of which is the lack of any clear climate result for this region from five different global
circulation models as discussed in Section V1. F.; therefore, no potential climate change impacts
were incorporated in the analysis of resources for the present study.

Recent water use trends at the national level can be examined using USGS data. The USGS has
compiled estimates of water use for the nation at 5-year intervals since 1950. In the most recent
water use survey, the USGS concludes that after continual increases in national water use from
1950 to 1980, withdrawals declined from 1980 to 1995 (Solley, 1998) as shown in Figure 2-1.
This decline in water withdrawals occurred even though population increased 16 percent from
1980 to 1995.

The USGS began tracking consumptive use in 1960. Figure 2-2 shows trends in consumptive use
at the national scale from 1960 through 1995 (Solley, 1998). The figure shows that consumptive
use, at the national level, increased from 1960 through 1980 but has not increased over the period
1980 to 1995. Consumptive use has not increased since 1980 despite the 16 percent increase in
population over that same time period. These trends are not incorporated into the present study but
show trends at the national level.
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USGS Trends in Water Use Data, 1960-1995
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III. Overview of method used to develop forecasts of consumptive use by HUC watershed

The emphasis of this study is on the HUC watershed forecast and resource analysis, and
conclusions of the study are based on the resource analysis conducted using the HUC watershed
approach. This approach provided estimates of consumptive use that were adjusted to represent
dry year and seasonal effects on consumptive use. The water use categories for the HUC
watershed analysis were organized as: domestic, commercial, industrial, thermoelectric, mining,
livestock, and agricultural irrigation.

Forecasts developed in state and county format were done so by reference to state and county
population forecasts and by simply extrapolating existing trends in demands and are described in
Section IV. Forecasts developed for the WMA were based on projections of numbers of
households and employees, and are incorporated with the HUC-based analysis described below in
Section VL

The HUC watershed analysis relied on USGS (1995) water use data for initial conditions, and
forecasts of population obtained from the U.S. EPA Chesapeake Bay Program (CBP), located in
Annapolis. A description of the CBP method is presented in Appendix F. Detailed results are
presented by HUC watershed and by state in Appendix G.

Forecasts of consumptive demand developed in this work for the Potomac basin depend on large
part on the consumptive use data collected by the USGS. The data are compiled for the basin for
a base year (1995) and are extrapolated using forecasts of households, population and irrigated
acreage.

Consumptive water use estimates were obtained from the USGS (1995) by water use categories of
domestic, commercial, industrial, thermoelectric, mining, livestock and irrigation. Forecasts of
consumptive use were made for each of these categories. USGS consumptive data for 1995
provided the basis of the forecast for all but the domestic category. The method for developing
forecasts of domestic consumptive water use was based on calculations of regional consumptive
use for the Washington metropolitan area. The procedure for conducting forecasts of Potomac
basin consumptive withdrawals for each of these categories is summarized in Table 3-1. A more
detailed discussion of the assumptions used in the development of the consumptive use forecast
method follows.
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Table 3-1 Consumptive use forecast method in the Potomac River basin upstream of the WMA

2000 to 2030

Sector Method for developing annual | Seasonal and dry year
average consumptive use adjustments

Domestic Based on WMA single family | As WMA single family June
household use, adjusted by through August household
population rate of growth use during a dry year

Commercial USGS 1995 base adjusted by | none
population rate of growth

Industrial USGS 1995 base - constant, none
no growth

Thermoelectric USGS 1995 base (minus Mt. | none
Storm) - regulation limited

Mining USGS 1995 base - constant, none
no growth

Livestock USGS 1995 base adjusted by | none
population rate of growth

Irrigation USGS 1995 base adjusted by | Seasonal and dry year
eastern national percentage adjustments
increase, (Brown, 2000)

A. Domestic sector method

Average annual consumptive use for the domestic category of water use was 9.5 mgd, based on a
summary of USGS 1995 Water Use Data (USGS, 1998). The 9.5 mgd is less than half of the
value of the basin’s average annual domestic consumptive use as calculated in Appendix H,
discussed below, and as based on the WMA single family outdoor water use.

Domestic outdoor water use varies by season and are higher during drought years. The USGS

estimate of domestic use does not reflect seasonal factors nor represent consumptive demands for
a drought year. In order to compare the total consumptive use to summertime low flows, potential
variation in seasonal water use patterns and in drought year use were quantified in this study.
Seasonal and drought year variation in outdoor domestic water use could change the magnitude of
summertime consumptive use, especially as compared to annual average values.
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Estimates of current and future domestic consumptive use were estimated for the peak use months
of June, July and August and were also adjusted to represent demands during drought years.
Estimates of monthly variation in domestic consumptive use are provided in Appendix H.

The domestic consumptive water use for the basin was based on factors developed using data
from the WMA for single family outdoor water use. The WMA single family outdoor water use
was calculated for a drought year and was based on a series of assumptions (Appendix H). The
calculated single family outdoor water use for the WMA was similar to or slightly higher than
measurements of outdoor single family water use for nearby and mid-Atlantic study cities and for
cities with non-arid climates (Table 2, Appendix H), which is consistent with the WMA outdoor
single family water use being calculated using data from a drought year.

B. Commercial sector method

Consumptive water use in the commercial sector would occur largely due to activities conducted
at shops and stores, barbershops and beauty parlors, restaurants, and office of all kinds, etc. In the
course of conducting this study, it was assumed that commercial activity would increase in direct
proportion to the growth in population. Therefore, consumptive water use in the commercial
sector was assumed to increase in proportion to the growth in population, without any appreciable
seasonal or drought year differences.

C. Industrial sector method

Throughout the Potomac River basin, water using industries have been on the decline for decades.
Although there may be some increase in a few areas such as food processing, it is assumed that
any such increase will be offset by further decline in heavy water using industries such as
manufacturing. Therefore, consumptive water use in the industrial sector was assumed to remain
constant at the year 1995 base level throughout the forecast period, without any appreciable
seasonal or drought year differences.

D. Thermoelectric sector method

Thermoelectricly generated power is produced at relatively few sites in the Potomac River basin:
Mt. Storm, WV, AES Cumberland, and R.P. Smith and Dickerson on the mainstem of the river.
Any likely growth in consumptive use at the Mt. Storm power station would be mitigated a short
distance down the North Branch Potomac River by significant minimum releases from Jennings
Randolph and Savage River reservoirs in order to meet minimum flow requirements at Luke,
Maryland. The impact of increased consumptive use of Potomac River water at R.P. Smith
and/or Dickerson would be capped at one million gallons per day (mgd) each under the terms of
the Maryland Consumptive Use Regulation (Department of the Environment, Title 26). The AES
Cumberland power plant is relatively small. Therefore, consumptive water use in the
thermoelectric power generating sector was assumed to increase by a maximum amount of 2 mgd
above the year 1995 base level throughout the forecast period, without any appreciable seasonal or
drought year differences.
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E. Mining sector method

Like heavy industry, mining in the Potomac River basin has been declining for decades. Although
some mining may continue in future years, significant growth in consumptive water use is
unlikely. Therefore, consumptive water use in the mining sector was assumed to remain constant
at the year 1995 base level throughout the forecast period, without any appreciable seasonal or
drought year differences.

F. Livestock sector method

Activities associated with livestock rearing were assumed to include the production of terrestrial
and aquatic animals for human consumption. The land area of the Potomac River basin is finite,
and as more land is converted to residential and commercial development, less and less is
available for agriculture. Fish farming is included in the livestock sector, and is practiced in a
modest way at several locations in the basin: Mettiki mine site in the North Branch, Jennings
Randolph Reservoir stilling basin, Stickley family near Flintstone, MD, Fresh Water Institute near
Shepherdstown, WV, and hatcheries and/or rearing pens near Hagerstown, MD, Leetown, WV,
and Ft. Loudon, PA. Consumptive use of water associated with fish farming is essentially
evaporation from the water surface of the facilities. For this study, it is assumed that fish farming
has a very small impact on consumptive use, that the best sites are already in use, and that the
activity is unlikely to increase much.

However, the establishment of concentrated animal feeding operations (CAFOs) in the basin has
shown that other livestock, including poultry, can still be produced in large numbers on limited
acreage. A number of factors, each with a high degree of uncertainty in the future, influence the
production of livestock; including, federal economic policies affecting agriculture, and the
capacity of the associated land and water to assimilate the waste products generated by the
animals, as controlled by state and federal regulations. Three other factors affect the future
amount of water used consumptively in the production of livestock: the degree to which the basin
is a net importer or exporter of livestock products, the amount of water used in the production of a
unit (say a pound) of livestock product, and the pounds of livestock products consumed per
resident of the basin. The scope of this study does not provide for the prediction of any of the
foregoing factors, which are to some extent cross-compensating in the amount of water used
consumptively. In the calculation of future consumptive water use in the livestock production
sector it was assumed that the basin was neutral with respect to import/export, that water use per
pound of product produced and pounds consumed per person would remain constant, and that
other factors would not affect production. Therefore, consumptive water use was assumed to
increase in proportion to the increase in human population throughout the forecast period, without
any appreciable seasonal or drought year differences.

G. Irrigation sector method

The calculation of water used consumptively for agricultural irrigation in the basin was based on
information from the USGS Water Use Data (USGS, 1995). USGS calculates the consumptive

17



use for irrigation by dividing the annual total irrigation water use by the number of days in the
year. For this study, it was assumed that irrigation water use is 100 percent consumptive demand,
and takes place in the summer. Therefore, the forecast of irrigation water use in this study
reallocated the USGS annual daily average use to the growing season, and adjusted the use for hot
dry conditions. In addition, the forecast was based on trends in eastern U.S. percentage increase
in irrigated acreage as described by Brown (2000). Details of the method used to forecast water
consumptively used by agricultural irrigation are presented in Appendix I.
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IV. Overview of method used to develop forecasts of consumptive use by State and the
District of Columbia

In this study, the forecast of consumptive water use was conducted using two approaches, a
summary of forecasts by state and county, and a summary by HUC watershed. The HUC region-
based approach was presented in Section III of the report. The state, county and District of
Columbia approach to demand forecasting is summarized in this Section.

The state and District of Columbia forecast is presented in terms of annual average values of
consumptive use. Values of consumptive use forecast by state were not adjusted to include dry
year or seasonal effects. No resource analysis was conducted based on the summary of forecasts
by state.

USGS water use data were summarized in the basin on a state and county-level basis in order to
provide a readily recognizable geo-political frame of reference. In general, water use was
assessed for the broad categories: domestic, commercial, and industrial, separately for water that
is supplied by community systems and for that which is self-supplied by the consumer. The
analysis was begun with the further disaggregation of use by source: surface water or ground
water. The uncertainties of forecasting use by source became so large that this line of analysis
was not pursued; however, the tables of results in Appendix A retain surface and ground water
column headings. Forecasts were performed at 10-year intervals for the forecast period: 2000
through 2030. The detailed results are tabulated in Appendix A.

The population estimates for the base year of 1995 for the counties wholly or partially in the
Potomac River basin, but upstream of the Washington D.C. metropolitan area (WMA) were
derived from the U.S. Geological Survey information (USGS, 1995). This source provided
population data for residents supplied by public water systems as well as those who were self-
supplied. Population and water use information for the WMA were developed in another study:
Year 2000 Twenty-Year Water Demand Forecast and Resource Availability Analysis for the
Washington Metropolitan Area (Metro Study), (Hagen and Steiner, 2000) and were incorporated
in this work. Generally, water demand forecasts were derived from estimates of future
population. Details of the methodology are presented in Appendix A.

Water that is withdrawn, but not delivered to metered customers (i.e. line leakage, fire fighting,
mains flushing, parks landscaping and other public purposes) is generally referred to as
“unaccounted for.” Water use information attributed to this category was produced in the
metropolitan water supply study and is included for completeness in the state summary tables of
Appendix A of this report for Maryland, the District of Columbia, and Virginia, only, because it is
not available as a freshwater resource in the down stream tidal river.

An important source of water use forecast information for the District of Columbia and all or parts
of counties served by the large utilities in the Washington, D.C. metropolitan area is the Metro
Study. Data and information compiled from and/or based upon that study is indicated by the label
“(metro)” in the District of Columbia and applicable counties in the state water supply and
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forecast summary tables of results. Because of the rather more intensive analysis of information
and detailed forecasting associated with those areas, this study did not have to rely upon
population or water use information from years prior to 2000. Employment of all kinds, including
commercial and industrial was combined in that study, and is likewise combined in the present
study and placed in the commercial category.

For the counties in the non-tidal Potomac River basin, but not subject to the detailed Metro Study,
it was determined in conversations with county planning personnel that growth in population will
occur more where there are utility services (e.g. community water supply systems) than where
they are absent (e.g. self-supplied water). This issue is incorporated in the forecasts by arbitrarily
selecting and applying 70 percent of the projected county growth to the system-supplied, and the
remainder to the self-supplied sector. Population forecasts for the present study are summarized
and presented by state and county in Appendix D.

Rates of growth of commercial and, especially, industrial water use are difficult to forecast
because of unpredictable factors on which they depend. The areas subject to the detailed Metro
Study benefitted from forecasts of employees produced by the Metropolitan Washington Council
of Governments (Desjardin, et al. 1999) in cooperation with planning personnel in each of the
counties. The Council of Governments’ forecasts are summarized in Appendix C. The
commercial and industrial water use forecasts for these areas are thus combined with results for
the rest of the non-tidal Potomac River basin and reported in the state summaries (Appendix A:
Tables: A - MD, A -DC, A-PA, A-VA, and A - WV) in the “commercial” category. For the
outlying areas, both commercial and industrial water use are projected to increase in proportion to
forecast increases in system-supplied and self-supplied population, depending on the source of

supply.

Agricultural water use was calculated on the basis state (human) populations within the Potomac
River basin. County-based forecasts, especially those counties with high (human) population
growth forecasts, would be misleading under the method chosen. Therefore, increases in
livestock water use were calculated as being proportional to human population growth by state in
the Potomac River basin, and water used for irrigation was forecast to increase with the forecast in
irrigated acreage as described for the HUC watershed analysis presented in Appendix I. It should
be noted, however, that the state-based forecasts presented in Appendix A are expressed as
annual average values.

The impact of the Federal Energy Policy Act of 1992 (102D Congress, 1992) on water demand
was incorporated in the forecasts for the state, county and District of Columbia approach. The
impacts on water use in the counties of Maryland and Virginia which were the subject of the
metropolitan area study were incorporated in those results as they were folded into the present
study. For the other counties within the non-tidal Potomac River basin, information from the
Residential End Uses of Water study (Mayer, et. al., 1999) was also applied to the present forecast
study. Households where the effects of the Act have been implemented are able to effect an
average reduction in daily water use of 15.7 gallons. The Residential End Uses of Water study
found that the average household size was 2.71 persons. Therefore, it can be expected that the
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Act will result in 5.79 gallons per person per day (gpcpd) less water use. This reduction in water
use was applied to all growth in population throughout the forecast period. Also, in order to
account for home remodeling and fixture replacement, the 5.79 gpcpd savings was applied to the
population existing in 1995 at a constant rate of 2 percent per annum. This is roughly equivalent
to assuming that fixtures have a useful life of approximately 50 years. A more detailed
description of the effect of the Federal Energy Policy Act of 1992 on projected water use is
presented in Appendix E.

Source information for population and water use data, and forecasts to the year 2030, are
presented below for each Potomac River basin state and the District of Columbia.

A. Maryland

A large portion of Maryland lies within the Potomac River basin. All of Allegany, Washington
and Frederick counties, and parts of Garrett, Carroll, and Montgomery, counties drain to the non-
tidal Potomac River. Although Prince George’s County does not drain to the non-tidal Potomac
River, that portion supplied by the combined metro D.C. resources is included in this study. The
more western counties are rural with sparse population outside the few towns and cities. The
predominant land use in the west is forest and agriculture. The eastern counties are more heavily
populated, with the predominant land uses being agriculture and suburban/urban development.
Water use reflects the land use and population across the region.

A particularly difficult issue in the present study involved the reconciliation of differences in
forecasts evident in reference materials for the same areas. For instance, for Maryland, the three
main references were the county water and sewerage plans (population forecasts and water use),
U.S. Geological Survey information (USGS, 1995) which contains population and water use data,
and population forecasts provided by the Maryland Office of Planning, State Data Center (2000).
Generally speaking, per capita water use ratios and county to state population ratios were
developed from the county water and sewerage plans and the USGS information, and then
indexed to the population forecasts available from the Maryland Office of Planning. The
population of the state, within the basin, is estimated to grow from approximately 2,036,000 in the
year 2000 to 2,547,000 in the year 2030. The water use information from the US Geological
Survey (USGS, 1995) formed the basis from which population-based forecasts were developed in
the other Potomac River basin portions of the state. Total water use for all categories is expected
to increase from 338.3 mgd to 410.4 mgd during the forecast period. Population and water use
information for the portions of Maryland counties located in the Potomac River basin are
presented in Appendix A and summarized in Table A - MD for the forecast period.

B. District of Columbia

The District of Columbia is at the center of the largest metropolitan area and concentration of
population in the Potomac River basin. The metropolitan area includes significant densely
populated suburbs in Maryland and Virginia. The land of the city is fully developed, but is
undergoing a constant process of redevelopment. The redevelopment will have an impact on the
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future population of the city, and on the water use by the residents and businesses there.
Population and water use information for the District of Columbia were developed in the Metro
Study and are presented in Appendix A and summarized in Table A - DC. Total water use for all
categories is expected to increase from 130.4 mgd to 154.5 mgd during the forecast period.

C. Pennsylvania

A relatively small portion of south-central Pennsylvania lies within the Potomac River basin. No
Pennsylvania county is wholly in the basin; therefore, population data were apportioned for each
of the affected counties: Adams, Bedford, Franklin, Fulton, and Somerset. The population of the
counties was apportioned to the Potomac River basin by overlaying census tract boundaries (and
population information) (ESRI, 2000) with a digital outline of the river basin. Population
forecasts were based on whole-county projections obtained from the Pennsylvania State Data
Center (pasdc.hbg.psu.edu). The future projections from the State Data Center were available
through the year 2020. Whole-county projections to the year 2030 were developed for the present
study by extending prior trends; then, apportioned to the river basin using census tract boundaries
and assuming relative proportions of population among census tracts would remain essentially
constant throughout the forecast period. The total population of the state, in the basin, is expected
to grow from approximately 179,800 in the year 2000 to 195,810 in the year 2030.

Land use in the Potomac basin portion of the state is predominantly forest and agriculture, with
rural communities and several modest towns and cities. The water use information from the US
Geological Survey (USGS, 1995) formed the basis from which population-based forecasts were
developed in the other Potomac River basin portions of the state. Water use is consistent with the
land use and population patterns. Industrial and agricultural water use is highest in Adams and
Franklin counties. Total water use for all categories is expected to increase from 29.7 mgd to 31.0
mgd during the forecast period.

Population and water use information for the portions of Pennsylvania counties located in the
Potomac River basin are presented in Appendix A and summarized in Table A - PA for the
forecast period.

D. Virginia

A large portion of Virginia lies within the Potomac River basin. All of the major D.C. area
suburban counties are included: Arlington, Fairfax, and Loudoun, counties drain to the non-tidal
Potomac River. The Shenandoah valley counties also contribute to the non-tidal Potomac River:
Frederick, Clarke, Shenandoah, Warren, Page, Rockingham, and most of Augusta counties. The
more western counties are rural with sparse population outside the few towns and cities. The
predominant land use in the west is agriculture, especially in the Shenandoah valley. Forest
occupies the higher ground and ridges. The eastern counties are more heavily populated, with the
predominant land uses being suburban/urban development. Water use is reflected in the land use
and the density of population across the region. The Virginia portion of the basin contains a
number of independent cities with statistics that are kept separate from the surrounding county. In
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the course of the present study, water use for those areas was analyzed separately in the early years
of the forecast period, because separate forecasts of population were available. However, during
the latter years, only state level forecasts were available; therefore, for consistency, all results
were combined to county level for presentation.

Virginia water use and population data, and forecasts, were obtained from a number of sources.
By far, the larger portion of the population and water use in the state, in the Potomac River basin,
was examined in the Metro Study. The water use information from the US Geological Survey
(USGS, 1995) formed the basis from which population-based forecasts were developed in the
other Potomac River basin portions of the state. Present and near term population data were
obtained from the Weldon Cooper Center for Public Service at the University of Virginia. Both
the water use and population data were available separately for Virginia counties and associated
independent cities through the year 2010. For the later years of the forecasts, 2020 through 2025,
state level population information was obtained from the U.S. Bureau of the Census (1997). State
level population for 2030 was derived by extrapolation. County level population data for the
years 2020 and 2030 were derived by extrapolating year 2010 forecasts of county population as
constant percents of state population.

The population of the state, in the basin, is expected to grow from approximately 2,135,090 in the
year 2000 to 2,984,820 in the year 2030. Total water use for all categories is expected to increase
from 303.7 mgd to 414.1 mgd during the forecast period. Population and water use information
for the portions of Virginia counties located in the Potomac River basin are presented in Appendix
A and summarized in Table A - VA for the forecast period.

E. West Virginia

The portion of West Virginia within the Potomac River basin extends from the headwaters of the
North Branch Potomac River (Grant County) and the headwaters of the South Branch Potomac
River (Pendleton County) to the tip of the eastern panhandle(Jefferson County). The character of
land use changes from steep wooded mountains and narrow farming valleys with small towns in
the west to largely agricultural areas and bigger cities in the east. Water use is consistent with the
land use, including the processing of agricultural products.

The population projection data for the state counties were obtained from the West Virginia
Regional Research Institute of West Virginia University. The Institute is the state’s official
representative in the Federal-State Cooperative Programs for Population Estimation and
Projection. The Institute conducts methodological research, prepares estimates and projections for
all counties, and studies population change. The Institute’s projections are widely used for
planning purposes by businesses, government agencies, and health service providers. The
population forecasts were available on a county basis through the present study’s forecast period
(2000 - 2030) based on both short-term migration patterns and long-term patterns. In the absence
of any guidance from the Institute with regard to priority of pattern to use, the two projections for
each year were averaged for each county and used in the present study.
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Water use forecasts were developed from USGS baseline data (1995). Domestic water use
forecasts take into account the effects of implementing the Federal Energy Policy Act of 1992
(102D Congress, 1992) which are expected to impact newly installed and replacement plumbing
fixtures during the period of the forecast.

The total population of the state, in the basin, is expected to grow from approximately 207,540 in
the year 2000 to 270,270 in the year 2030. Total water use for all categories is expected to
increase from 62.3 mgd to 74.8 mgd during the forecast period. Population and water use
information for the portions of West Virginia counties located in the Potomac River basin are
presented in Appendix A and summarized in Table A - WV for the forecast period.
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V. 8-Digit Hydrologic Unit Code watershed-based forecast

A Hydrologic Unit Code (HUC) refers to a USGS designated natural drainage basin or hydrologic
area. There are 9 HUC watersheds in the Potomac Basin upstream of the Washington DC area.
The USGS provides its water use data by HUC watershed. In addition to partitioning the non-
tidal portion of the Potomac River basin along state and county boundaries, 8-digit HUC areas
provide a watershed basis for analyzing consumptive water use and water resource availability.

Population estimates were developed for each HUC and were used to help develop forecasts of
water use.

A. Population

Population estimates for HUC watersheds in the Potomac basin were compiled from information
supplied by the Chesapeake Bay Program (Chesapeake Bay Program, 2000) as shown in

Table 5-1. The Chesapeake Bay Program’s population estimates are based on population forecast
information supplied by the states and on 1990 census information. Appendix F provides a
complete description of the method by which the Chesapeake Bay Program derived the population
estimates.

Table 5-1: Population estimates for non-tidal Potomac River basin by HUC (a), excluding metro

study area

HUC watershed 1990 1995 2000 2010 2020 2030 (b)
South Branch Potomac 29,122 29,645 30,167 31,203 32,106 33,098
North Branch Potomac 107,877 109,035 110,193 110,632 110,961 111,363
Cacapon-Town 21,436 22,472 23,507 25,127 26,462 27,987
Conococheague-Opequon 384,654 407,739 430,823 468,696 500,348 536,147
South Fork Shenandoah 201,640 209,266 216,891 229,177 241,728 254,102
North Fork Shenandoah 57,186 60,296 63,406 68,684 73,964 79,243
Shenandoah 41,730 45,209 48,688 55,146 60,818 67,014
Middle Potomac-Catoctin (c) 77,646 89,610 101,573 121,093 137,302 155,718
Monocacy 204,857 233,233 261,609 307,597 337,796 378,521
Totals 1,126,148 1,206,503 1,286,857 1,417,355 1,521,485 1,643,194
Notes:

(a) Data source - Chesapeake Bay Program http://www.chesapeakebay.net/wshed.htm

(b) 2030 estimates developed by ICPRB using least squares best-fit of 2000 to 2020 populations

(c) Population estimate is based on that portion of the sub-watershed not served by CO-OP utilities. Total 1995 population
including those served by CO-OP utilities is approximately 751,300 (USGS, 1998).

All HUC watersheds are forecast to grow in population. The population in the Potomac basin
upstream of Little Falls and not served by the CO-OP utilities is forecast to grow from
approximately 1,287,000 in 2000 to 1,643,000 in the year 2030, a net change of 356,000 or 28
percent.

The three HUC watersheds with the largest forecast of population growth over the period 2000 to
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2030 are the Monocacy at approximately117,000, the Conococheague-Opequon at approximately
105,000, and the Middle Potomac-Catoctin at approximately 54,000. Note that the population
forecast for the Middle Potomac-Catoctin applies only to that portion of the watershed not in the
service area of the CO-OP utilities. The South Fork of the Shenandoah is forecast to increase by
approximately 37,000, the Shenandoah by approximately 18,000, and the North Fork Shenandoah
by approximately 16,000. The remaining HUC watersheds (South Branch Potomac, North Branch
Potomac, and Cacapon-Town) are each forecast to grow by less than 5,000.

The percentage increase in population for each HUC as compared to 1995 levels is shown in
Table 5-2.

Table 5-2: Percent population growth as compared to 1995 base year by HUC

HUC watershed 2000 2010 2020 2030
South Branch Potomac 102% 105% 108% 112%
North Branch Potomac 101% 101% 102% 102%
Cacapon-Town 105% 112% 118% 125%
Conococheague-Opequon 106% 115% 123% 131%
South Fork Shenandoah 104% 110% 116% 121%
North Fork Shenandoah 105% 114% 123% 131%
Shenandoah 108% 122% 135% 148%
Middle Potomac-Catoctin (a) 113% 135% 153% 174%
Monocacy 112% 132% 145% 162%

Notes:

(a) Population percentage is based on that portion of the population outside of the Washington metropolitan area that is not served
by the three major WMA utilities or their wholesale customers (Fairfax County Water Authority, the Washington Suburban
Sanitary Commission, and the Washington Aqueduct Division of the U.S. Army Corps of Engineers.)

The three HUC watersheds with the highest percent change in forecast of growth are the Middle
Potomac-Catoctin at 174 percent, the Monocacy at 162 percent, and the Shenandoah at 148
percent. Note that the Middle Potomac-Catoctin HUC percent population growth applies only to
that portion of the watershed not already served by the three major WMA utilities.

A comparison of 1995 population estimates developed using both USGS and the Chesapeake Bay
Program data show good agreement at the basin-wide level. The total population for the Potomac
basin that is not served by the CO-OP utilities and is upstream of Little Falls is estimated to be
1,210,000 as calculated using USGS data, and 1,207,000 as calculated using the Chesapeake Bay
Program data.

B. USGS estimates of 1995 average annual consumptive use by HUC

Consumptive water use by USGS’s 8 digit Hydrologic Unit Code (HUC) was summarized for
each HUC as based on USGS 1995 Water Use Data (USGS, 1998). Information is available from
USGS for portions of each HUC but disaggregated by state boundaries. Water use information
was compiled for each HUC by summing each state’s water use for a given HUC watershed.
Consumptive use data are summarized in Table 5-3 by HUC for domestic, commercial, industrial,
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thermoelectric, mining, livestock, and irrigation categories.

Table 5-3: Compilation of USGS 1995 average annual Potomac consumptive use by HUC and by
type of user, mgd

HUC watershed Domestic Commercial Industri Thermo - Mining Livestock Irrigation Totals
al electric

South Branch Potomac 0.2 1.0 2.4 0.0 0.0 0.9 0.0 4.6
North Branch Potomac 1.1 0.2 7.0 105 0.3 0.5 01 19.7
Cacapon-Town 0.2 0.0 0.0 0.0 0.0 0.6 0.0 0.9
Conococheague-Opequon 3.2 1.2 2.6 03 03 3.3 14 12.2
South Fork Shenandoah 1.3 1.1 29 0.0 0.0 1.6 0.5 7.5
North Fork Shenandoah 0.7 0.5 0.4 00 0.0 2.6 0.4 4.6
Shenandoah 0.3 0.5 0.9 0.0 0.0 1.5 0.1 3.3
Middle Potomac-Catoctin 0.6 0.2 0.1 3.3 0.0 1.1 1.0 6.3
(a)
Monocacy 1.9 0.7 0.8 00 03 2.0 1.7 7.4
Totals (b) 9.5 5.3 17.3 14.0 0.9 14.1 5.2 663
Totals excluding Mount 9.5 53 17.3 36 0.9 14.1 52 559
Storm (c)
Notes:

(a) The Middle Potomac-Catoctin HUC includes a major portion of the populations of the metropolitan Washington area that are
served by the three major WMA water supply utilities (Fairfax County Water Authority, Washington Suburban Sanitary
Commission, and the Washington Aqueduct Division of the U.S. Army Corps of Engineers or their wholesale customers. The
consumptive use shown above has been estimated for that portion of the HUC watershed not served by these utilities.

(b) Figures may not add to totals because of independent rounding.

(c) Mount Storm is located upstream of Jennings Randolph Reservoir (see text explanation below).

Table 5-3 shows that the highest levels of thermoelectric water use are in the North Branch
Potomac HUC area (10.5 mgd). However, thermoelectric use in the North Branch HUC does not
directly affect low flows in the Potomac, since thermoelectric withdrawals are made upstream of
the river regulating reservoirs (Jennings Randolph and Savage). The U.S. Army Corps of
Engineers Baltimore District regulates flow with releases from Jennings Randolph and Savage so
as to meet a minimum target of 77.6 mgd (120 cfs) at Luke, after all upstream consumptive
withdrawals. The effects of any upstream consumptive water use is thus mitigated by the
downstream reservoir regulation. Excluding the consumptive thermoelectric use upstream of
Jennings Randolph Reservoir in the North Branch, the annual average total consumptive use in
the Potomac basin upstream of the metropolitan water supply intakes for 1995 was 55.9 mgd.

C. Estimates of 1995 base year seasonal consumptive use by HUC, assuming hot and dry
conditions

Domestic outdoor water use and irrigation water use vary by season and are higher during drought
years. The USGS estimate of domestic and irrigation use does not reflect seasonal factors nor

represent consumptive demands for a drought year. In order to compare the total consumptive use
to summertime low flows, potential variation in seasonal water use patterns and in drought year
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use must be quantified. Seasonal and drought year variation in irrigation withdrawals and outdoor
domestic water use could change the magnitude of summertime consumptive use, especially as
compared to an annual average value.

Estimates of current and future domestic and irrigation consumptive use were estimated for the
peak use months of June, July and August and were also adjusted to represent demands during
drought years. Estimates of monthly variation in domestic consumptive use is provided in
Appendix H, and estimates of monthly variation in irrigation water use is provided in
Appendix I. Other categories of water use (commercial, industrial, thermoelectric, mining, and
livestock) were based on the USGS average annual values and were assumed to remain
unchanged by seasonal cycles or by extreme drought events.

The method used to develop the forecast of June through August consumptive use by HUC is
described in more detail in Section III and in Appendices H and L.

When seasonal and drought year factors are included in the analysis, a higher estimate of
consumptive use is derived than that shown in Table 5-3. Table 5-4 provides estimates of average
June through August consumptive use given dry year conditions.

Table 5-4: Estimated 1995 levels of June through August Potomac consumptive use by HUC and
by category of user estimated for a drought year.

HUC 8 Name Domestic| Commercial| Industrial] Thermo-| Mining| Livestock| Irrigation| Totals
electric
South Branch Potomac 1.5 1 24 0 0 0.9 0 5.8
North Branch Potomac 5.6 0.2 7| 10.5(b) 0.3 0.5 0.3| 24.5
Cacapon-Town 1.2 0 0 0 0 0.6 0.1 1.9
Conococheague-Opequon 21.2 1.2 2.6 0.3 0.3 3.3 4.8/ 33.6
South Fork Shenandoah 10.8 1.1 29 0 0 1.6 1.8/ 18.2
North Fork Shenandoah 3.1 0.5 0.4 0 0 2.6 1.4 8
Shenandoah 2.3 0.5 0.9 0 0 1.5 0.4 5.6
Middle Pot.-Catoctin (a) 4.7 0.2 0.1 3.3 0 1.1 34| 1238
Monocacy 12.3 0.7 0.8 0 0.3 2 59| 21.9
Totals 62.8 5.3 17.3 14 0.9 14.1 18.1| 132.4
Totals excluding Mt. 62.8 5.3 17.3 3.6 0.9 141 18.1| 121.9
Storm (b)
Notes:

(a) The middle Potomac-Catoctin HUC only includes those totals for the non-metro portions of the Washington metropolitan area.
(b) Mount Storm in the North Branch is upstream of river regulating reservoirs and its consumptive demand is mitigated by minimum streamflow
releases from the downstream reservoirs.

Table 5-4 shows that consumptive use in a hot dry year would have been approximately 122
million gallons per day (mgd) in 1995 during the months of June, July, and August. The most
significant consumptive uses of water are domestic (62.8 mgd), irrigation (18.1 mgd), and
industrial (17.3 mgd) categories of water use. These three categories would have accounted for
about 80 percent of the consumptive use in the basin during June through August given drought
conditions in 1995.

28



D. Forecasts of June through August consumptive use by HUC, 2000 to 2030 assuming hot
and dry conditions

The method used to develop the forecast of June through August consumptive use by HUC is
described in Section III and in Appendices H and 1.

Table 5-5 shows a forecast of consumptive use for the basin through 2030 given hot and dry
conditions

Table 5-5: Forecast of average June through August consumptive water use by HUC given hot

and dry conditions
HUC 8 name 2000 | 2010 | 2020 | 2030
South Branch Potomac 5.9 6 6.1 6.2
North Branch Potomac 24.5 24.6 24.7 24.7
Cacapon-Town 2 2.1 2.2 2.4
Conococheague-Opequon 35.4 38.4 40.9 43.5
South Fork Shenandoah 18.9 19.9 20.9 21.9
North Fork Shenandoah 8.5 9.2 9.9 10.6
Shenandoah 6 6.6 7.2 7.8
Middle Potomac-Catoctin (a) 13.8 15.6 17 18.5
Monocacy 241 27.9 30.4 33.5
Totals 139.1 | 150.4 | 159.3 | 169.1
Totals without Mount Storm (b) 128.6 | 139.9 | 148.8 | 158.6

Notes:

(a) The middle Potomac-Catoctin HUC only includes those totals for the non-metro portions of the Washington metropolitan area.

(b) Mount Storm in the North Branch is upstream of river regulating reservoirs and its consumptive demand is mitigated by minimum streamflow
releases from the downstream reservoirs.

Table 5-5 shows that consumptive demand is expected to grow from 129 mgd in 2000 to159 mgd
in 2030 (a net change of 30 mgd over 30 years) during hot and dry conditions for the months of
June through August.

A sensitivity analysis was conducted to determine which sectors had most impact on changes in
demand forecasts. Table 5-6 lists the factors that were used to develop a forecast of demand for
each sector and shows the impact of a 10 percent change in growth of each factor for the period
2000 to 2030 on the forecast of total demand.
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Table 5-6: Sensitivity analysis of consumptive use for the Potomac River basin upstream of the
WMA (Impact of 10 percent change in growth of factor for the period 2000 to 2030)

Sector Factor July-August
2030 2030 forecast Change,
forecast, plus 10 | percentage
mgd percent of total
change in change
forecast factor,
mgd
Domestic Number of single family 84.4 92.9 54%

households, apartments,
mobile homes

Commercial | All resident human population 7 7.7 4%
Industrial USGS 1995 data 17.3 19 11%
Thermoelectric (a) 2 mgd (b) 5.6 5.8 1%
Mining USGS 1995 data 0.9 1 1%

Livestock | All resident human population 19.3 21.3 13%
Irrigation Eastern U.S. irrigated 26.2 28.8 16%

acreage percentage increase
estimated from Fig. 10
(Brown, 2000)

Totals 160.7 176.4

Notes:

(a) totals excluding Mt. Storm

(b) expansion at Dickerson, MD and Williamsport, MD existing facilities assumed limited to 1 mgd each under the
Maryland Consumptive Use Regulation

Table 5-6 shows that a ten percent change in the growth factors for each sector had the biggest
impact on the domestic sector, accounting for 54 percent of the total change in demand for all
sectors. The next biggest change was irrigation at 16 percent of the total change, followed by at
livestock13 percent and industrial at 11 percent. Commercial, thermoelectric and mining
categories accounted for less than 5 percent each of the total change.
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V1. Resource assessment

A resource assessment was conducted at three scales, a small scale corresponding to the
individual HUC regions, a medium scale corresponding to groups of HUC regions, and at the
largest possible basin scale just upstream of Little Falls, corresponding to the Washington
metropolitan area.

Monthly variation in consumptive demand was considered adequate for the purpose of the present
study, and no consideration was given to peak daily or peak weekly consumptive demands. For a
resource evaluation at the individual HUC scale, this assumption may not be most appropriate.
The monthly scale is more appropriate when a resource analysis for cumulative consumptive
demand is conducted through the basin, and is best when cumulative demand at the basin scale is
considered. Differences in the timing of peak daily or weekly consumptive demands for different
parts of the basin will be offsetting in the downstream direction through the basin, given
differences in basin wide travel times. Importantly, a resource analysis at the basin wide scale
includes consideration of river augmentation from upstream reservoirs. Peak daily or weekly
demands are essentially insignificant in comparison to the longer term (monthly) consumptive
demand, because peak daily or weekly demands can be met with short-term reservoir releases. At
the broader basin scale, monthly variation in consumptive demand is most appropriate. The
consumptive demands used in the following analyses are those calculated to occur during the
June-August period of peak use.

Not considered in this report was that Maryland water users can be required to reduce or cease
water use to maintain flows in streams. To meet flow requirements on water use permits, a
reduction in use could be achieved by ceasing or reducing outdoor watering, thereby substantially
reducing the consumptive use in a watershed.

The current work conservatively assumes that all withdrawals from groundwater are actually from
the river. However, much of the groundwater withdrawn to meet peak demand will not have an
immediate affect on streamflow, leading to possible over-estimates of consumptive use.

Effects of climate change were examined for the region in a previous study (Steiner et al., 1997),
but there was a lack of any clear climate change for this region. Therefore, no potential climate
change impacts were incorporated in the analysis of resources for the present study.

A. Small scale individual HUC region analysis

Consumptive demands for each of the nine HUC regions were evaluated throughout the basin and
compared to flows. The WMA demands were not considered in this analysis, but are included in
Section VI. C below.

There were few gages directly measuring the flow at the downstream end of the 8-digit HUC code

drainage areas. However, sets of daily flows for each 8-digit HUC were developed using the area-
adjustment method. The area-adjustment method was used to transform data from a nearby gage
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to represent the flow at the point of interest. Measured flow from the gaged drainage area was
multiplied by a ratio of drainage areas, namely that area of the watershed at the point of interest,
divided by the area of the gaged watershed. Note that the area-adjustment method is not
appropriate for determining peak flows because of differences in the time-of-concentration
between the (generally) smaller gaged watershed and the larger HUC watershed.

Flow statistics for the individual HUC watersheds represent flow that is produced from each
watershed and does not include flow entering individual HUC regions from upstream HUC
watersheds.

In the Potomac River, upstream regulation in the headwaters of the basin has changed the pattern
and magnitude of low flow events. Water quality storage in Jennings Randolph and Savage
reservoirs is released over the course of the summer in order to maximize the minimum flow in
the North Branch Potomac River. Therefore, the low flow in the Potomac that one might have
experienced given hydrologic conditions in the 1930's would be different today even if the
identical weather conditions were to be repeated.

Hydrologic analysis was conducted to separate the effects of upstream regulation from the
streamflow record. A streamflow database was developed that represents streamflow that would
have occurred had the river been regulated by Jennings Randolph and Savage reservoirs for the
entire period of record. Statistics that are based on the latter data should be considered a better
representation of those flows that might be expected in the future, given current regulated
conditions. Flows are based on regulated flow minimum of 78 mgd at Luke, MD plus contribution
from downstream drainage in the North Branch HUC. Simulation modeling analysis at a daily
model time step shows that this minimum flow can be met even through the worst drought of
record in 1930-1931. The USCOE has maintained this minimum flow at Luke via releases from
Jennings Randolph and Savage reservoirs since 1981. This minimum flow is assumed to be
viable through the 30 year forecast period of the present study.

Version 2.0 of DFLOW? was used to calculate “7Q10" values for various points throughout the
watershed. The 7Q10 value corresponds to the lowest 7-day average flow which has a 10 percent
chance of occurring in any given year based upon a period of record analysis. The minimum
flows calculated for each HUC watershed and for various points throughout the watershed were
also calculated.

Table 6-1a shows the drainage area, 7Q10, minimum flow production, and consumptive use for
2000 and 2030 for each HUC watershed excluding contributions from upstream HUCs. A
discussion of the derivation of these statistics for each HUC watershed is included in Appendix J.
The method used to develop the consumptive use estimates is provided in Section III and in
Appendices H and 1.

’DFLOW is a U.S. EPA supported computer program to calculate specific stream flow
statistics. Documentation is available at http://www.epa.gov/OST/library/modeling/wlabook6chapter1.pdf
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Table 6-1a: Potomac HUC watershed calculated flows, and seasonal consumptive use

HUC-8 Name Drainage Area, 7Q10 for| Minimum Seasonal Seasonal
square miles | HUC, mgd one-day | consumptive | consumptive
(a) historical | use, 2000, use, 2030,
flow HUC, mgd (b) mgd (b)

mgd
South Branch Potomac 1,482 48 33 5.9 6.2
North Branch Potomac (c) 1,345 111 99 24.5 (d) 24.7 (d)
Cacapon-Town 1,206 44 29 2.0 2.4
Conococheague - Opequon 2,281 249 148 35.4 43.5
South Fork Shenandoah 1,660 128 68 18.9 21.9
North Fork Shenandoah 1,044 81 43 8.5 10.6
Shenandoah 352 27 14 6 7.8
Middle Potomac - Catoctin (e) 1,227 4 1 13.8 (f) 18.5 (f)
Monocacy 986 41 14 241 33.5

Notes:

(a) 7Q10 and minimum flow calculated for flow production specific to each HUC and does not include flow entering the HUC

from upstream watersheds.

(b) Assuming hot and dry drought year conditions for the period June through August.
(c) Flows are based on regulated flow minimum of 78 mgd at Luke plus contribution from downstream drainage in the North

Branch HUC.

(d) Includes 10.5 mgd consumptive use from Mount Storm, upstream of Jennings Randolph

(e) Inflow from upstream HUCs was not included in the table, but upstream inflow is used to meet some consumptive demand.

(f) Consumptive use shown for non-metro portion of HUC only. Consumptive use of 13.8 mgd includes 3.3 mgd consumptive use

for a thermoelectric power plant on the Potomac River.

Table 6-1b summarizes the seasonal consumptive use as a percentage of minimum flow and of

7Q10 flow for each HUC region shown in Table 6-1a.

Table 6-1b: Seasonal consumptive use as a percentage of minimum flow and of 7Q10 flow for

each HUC region.

HUC region 2000 demands, 2030 2000 2030
percentage of demands, demands, demands,
minimum flow  percentage of percentage percentage

minimum flow of 7Q10 of 7Q10

South Branch Potomac 18% 19% 12% 13%

North Branch Potomac 25% 25% 22% 22%

Cacapon-Town 7% 8% 5% 5%

Conococheague - Opequon 24% 29% 14% 17%

South Fork Shenandoah 28% 32% 15% 17%

North Fork Shenandoah 20% 25% 10% 13%

Shenandoah 43% 56% 22% 29%

Middle Potomac - Catoctin 1380% 1850% 345% 463%

Monocacy 172% 239% 59% 82%

Tables 6-1a and 6-1b must be interpreted with caution. Even if the historical minimum flow and
7Q10 flows are greater than the current and predicted consumptive demand, there may be
problems in the HUC watershed that are not uncovered by this level of analysis. Consumptive
use within HUC watershed is not referenced spatially in the USGS’s water use data, so demands
were calculated and totaled for each HUC watershed in its entirety without reference to spatial
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resolution. At the local scale, potential problems can only be determined by analyzing exactly
where a given withdrawal occurs in the HUC watershed, the magnitude of the withdrawals, and
the magnitude of the streamflow that occurs at the point of withdrawal. For example, a large
consumptive water user located on a small stream in the headwaters of a HUC region could
potentially have higher demands than the stream’s minimum flow. Because the present study
totaled all the consumptive demands for a HUC and compared them with the total streamflow
available in a HUC, problems at the local scale could not be discovered.

Conversely, in the Monocacy and Middle Potomac HUC regions, where historical minimum flow
is less than total consumptive demand, conclusions about potential problems must be evaluated
carefully because the consumptive data are not spatially resolved and because the flow data set
itself may be influenced by upstream consumptive withdrawals. Many current and future
withdrawals may be from the Potomac river, reducing the consumptive use effects for the
Monocacy or other tributaries within the HUC regions.

In the Middle Potomac HUC region, the total consumptive use in the watershed is greater than the
minimum historical flow and the 7Q10 flow calculated for that watershed. These comparisons
seem to indicate that potential problems exist in the Middle Potomac HUC region during low flow
periods. However, this comparison may be misleading. Flow statistics shown in Table 6-1a for
the individual HUC regions represent flow that is produced from each HUC region and does not
include flow entering individual HUC regions from upstream HUCs. The Middle Potomac HUC
region has Potomac flow entering the HUC from upstream. The total consumptive demands
calculated for the Middle Potomac includes those consumptive withdrawals taken from the
Potomac itself. For example, some consumptive demands included in the totals shown for the
Middle Potomac HUC in Table 6-1a are withdrawn from the Potomac, such as consumptive
demands for the town of Leesburg and for Dickerson power plant. The total consumptive demand
that is specific to the Middle Potomac HUC and not from the Potomac could not be calculated
without spatially resolved consumptive data.

For the Middle Potomac HUC region, The USGS’s Goose Creek at Leesburg, VA gage flow
record was examined. This gage measures flow from a drainage area of 332 square miles. During
drought periods, flows can drop below 1 cfs for this gage as they did in 1941, 1985, 1986, and
1999. Streamflow at this gage indicates that upstream withdrawals in some parts of the Middle
Potomac HUC region appear to be nearly equal to total low flow during drought periods.

The Monocacy HUC has no Potomac flow entering the region from upstream, and consumptive
demands for this HUC region are shown to be greater than the minimum historical low flow.

For the Monocacy HUC region, the USGS’s Monocacy at Jug Bridge, MD gage flow record was
examined. The minimum low flow shown in Table 6-1a for the Monocacy HUC was based on a
flow that occurred in 1966 as measured at the USGS’s Monocacy at Jug Bridge, MD gage. The
flow data in 1966 were probably not representative of the natural flow that would have occurred
absent human consumptive use in the basin. The low flow from the drought of 1930 is probably
less influenced by upstream human consumptive use. The minimum flow for the Monocacy HUC
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as calculated based on the 1930 drought is 29 mgd, which is only a little higher than estimates of
consumptive use for the year 2000 (24 mgd) and smaller than forecasts of consumptive use in
2030 (33.5 mgd). ( Note that the minimum flow for the Monocacy HUC as calculated based on
the gage data measured during the 1999 drought was 30 mgd. Either the natural flows during the
drought of 1999 were not as severe as the 1930 conditions, or actual consumptive demands as
manifested during the 1999 drought were not as high as those calculated for the Monocacy HUC
in Table 6-1a.) A comparison of calculated consumptive demand for the Monocacy HUC with
the 1930 historical minimum streamflow indicates that upstream consumptive withdrawals are
presently nearly equal to total low flow during drought periods, and are predicted to increase
higher than the minimum 1930 historical streamflow by 2030.

For the remaining HUC regions, the forecasts of consumptive demand are less than the historical
minimum and 7Q10 flows. Forecasts for the year 2000 are approximately 7 to 43 percent of the
minimum flow, and approximately 5 to 22 percent of the 7Q10 flow for each HUC region. The
forecasts of consumptive demand for the year 2030 are 8 to 56 percent of the minimum flow, and
5 to 29 percent of the 7Q10 flow for each HUC region.

B. Medium scale combined HUC region analysis

Cumulative consumptive demands on the Potomac River itself were evaluated throughout the
basin through the medium scale analysis (combined HUC region analysis) and compared to
Potomac River flow. The WMA demands were not considered in this analysis, but are included in
Section VI. C below.

The streamflow data developed for the small scale individual HUC region analysis and
documented in Appendix J were also used for the medium scale combined HUC region analysis.

Potomac flows from each HUC region were combined in the downstream direction using
appropriate lagging factors. (Flow entering a HUC region takes 1-2 days to pass through it.)
Combined flows were compared with the cumulative consumptive demand of all the upstream
HUC:s contributing to the flow. Flows were summarized using minimum flow and 7Q10
statistical parameters as in the procedure just described for the individual HUC analysis.

Historical Potomac River flow was assumed to be augmented by releases from Jennings Randolph
and Savage River reservoirs for the maintenance of downstream water quality as has been the case
for nearly 20 years, and likely to remain so in the future.

Figure 6-1 shows a schematic of the HUC regions, with directional arrows indicating flow
direction. The North and South Branch HUC regions were treated as a single unit, with combined
flow and combined cumulative consumptive demands calculated and compared as shown at point
number 1 in Figure 6-1. Working in the downstream direction, the procedure was repeated. The
combined flow from the North and South Branch HUCs was lagged 1 day and combined with
flow from the Cacapon Town HUC region as shown at point number 2. The combined
consumptive demand for the three HUC regions was compared with the combined flow.
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The combined flow from the upstream three HUCs was lagged 2 days and combined with flow
from the Conococheague-Opequon HUC region as shown at point 3. This combined flow was
compared with the combined consumptive demand for the North Branch, South Branch, Cacapon
Town, and Conococheague-Opequon HUCs. Similar procedures were repeated for all HUC
regions. Results are presented in Table 6-2.

A more detailed description of how the individual HUC region flows were combined (lagged) is
given in Appendix K, which also presents a discussion of flow validation.

North
Branch M
onocac
Potomac Cacapon | | Conococheague | Y
|-Town |- Opequon @
South
Branch @ @ Middle :
Potomac ) Potomac - > Little
. . Falls
| Catoctin ||
North Fork
Shenandoah Shenandoah - @ @
South Fork @ @
Shenandoah

Figure 6-1: HUC flow diagram

36



Table 6-2: Simulated Potomac augmented flows and cumulative seasonal consumptive demands

Combined HUC areas 7Q10, | Minimum Seasonal Seasonal

(Numbers in parentheses are shown in Figure 6-1 | mgd (a) flow, cumulative cumulative

and indicates point at which analysis was mgd (a) consumptive | consumptive

conducted). use, 2000, mgd use, 2030,
(b,c) mgd (b,c)

(1) Confluence of South Branch and North Branch 163 136 20 20

Potomac

(2) Downstream of South Branch and North 210 168 22 23

Branch Potomac, and Cacapon-Town

(3) Downstream of South Branch and North 476 318 57 66

Branch Potomac, Cacapon-Town, and

Conococheague - Opequon

(4) Confluence of South Fork and North Fork 206 111 27 32

Shenandoah

(5) Downstream of South Fork and North Fork 233 125 33 40

Shenandoah and Shenandoah

(6)Downstream of South Branch and North 727 469 91 107

Branch Potomac, Cacapon-Town,

Conococheague - Opequon, South Fork and

North Fork Shenandoah, Shenandoah

(7)Downstream of South Branch and North 797 487 129 159

Branch Potomac, Cacapon-Town,

Conococheague - Opequon, South Fork and

North Fork Shenandoah, Shenandoah, Middle

Potomac - Catoctin and Monocacy (d)

Notes:

(a) Flows are calculated as based on a regulated flow minimum of 78 mgd at Luke (in the North Branch HUC)
(b) Assuming hot and dry drought year conditions for the period June through August.

(c) Does not include 10.5 mgd consumptive use from Mount Storm

(d) Consumptive use shown for non-metro portion of HUC only.

Table 6-3 summarizes the cumulative demand as a percentage of minimum flow and of 7Q10
flow for each HUC confluence point described in Table 6-2 and shown in Figure 6-1.

Table 6-3: Cumulative demand as a percentage of minimum flow and of 7Q10 flow for each HUC
confluence point.

HUC 2000 demands, | 2030 demands, 2000 2030
confluence percentage of percentage of demands, demands,
point (a) minimum flow minimum flow | percentage percentage
7Q10 7Q10

1 15% 15% 12% 13%

2 13% 14% 10% 11%

3 18% 21% 12% 14%

4 25% 29% 13% 16%

5 27% 32% 14% 17%

6 19% 23% 12% 15%

7 26% 33% 16% 20%

Notes: (a) HUC confluence points are delimited in Figure 6-1.
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Tables 6-2 and 6-3 summarize cumulative demands upstream of the WMA and do not include
those water supply demands withdrawn for the WMA area or releases from upstream reservoirs to
support those demands.

Table 6-3 shows that the 2000 cumulative demands are estimated to vary between 13 and 27
percent of the minimum flow for the HUC confluence points. In 2030, cumulative demands are
forecast to vary between 14 and 33 percent of the minimum flow. Table 6-3 also shows that the
2000 cumulative demands are estimated to vary between 10 and 16 percent of the 7Q10, and in
2030 are forecast to vary between 11 and 20 percent of the 7Q10.

In other words, current consumptive demand is about a quarter of the total flow in the free flowing
Potomac during a repeat of the historical lowest flows. The consumptive demand is forecast to
increase to up to a third of the historical low flow by 2030. Given flows that have a ten percent
probability of occurring in any year, the current consumptive demand throughout the basin is less
than a sixth of the flow at any point, and is forecast to be up to about a fifth of the flow in 2030.

When WMA demands are included, the flow versus demand comparison changes dramatically.
WMA demands are already greater than the historical minimum flow in the Potomac River at
Little Falls, which is why reservoir releases are made during times of low flow. Reservoir
releases are made to augment the river for water supply and environmental flow
recommendations. Increases in consumptive demand in the basin have an affect on reservoir
storage and water supply reliability in the WMA. These effects are described in the following
section.

C. Large scale basin analysis upstream of Little Falls

Cumulative consumptive demands for the Potomac basin upstream of the WMA were combined
with current and forecast water supply withdrawals for the WMA and compared to historical river
flow at Little Falls near Washington, D.C.

An important source of water use forecast information for the District of Columbia and all or parts
of counties served by the large utilities in the Washington, D.C. metropolitan area is the Year
2000 Twenty-Year Water Demand Forecast and Resource Availability Analysis for the
Washington Metropolitan Area (Metro Study) (Hagen and Steiner, 2000). The Metro Study
provides an extensive resource analysis at the basin scale. The resource analysis for the present
study incorporates the method and tools used in the Metro Study. A description of the method
and tools is included in Appendix L.

Appendix L describes the Washington metropolitan area water suppliers and service area, the
system model that was developed for the resource assessment portion of the study as well as
current CO-OP water supply operations. Several factors that can affect future resources were also
incorporated into the system model and are describe in Appendix L. They include:

. Jennings Randolph release efficiency,
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. the effects of siltation on reservoir storage over time,

. increasing return flows from wastewater treatment plants upstream of the Potomac water
supply intakes and Occoquan Reservoir,

. the current recommended environmental flow rate for Little Falls,

. water quality releases from Jennings Randolph water quality storage, and

. modification of historic streamflow data to account for consumptive use.

This study includes the water resources and demands determined in the Metro Study for the
Washington metropolitan area, and incorporates the findings of that study. In this case, as in some
others, the forecasts had to be extended as part of the present study to the year 2030. Such
extended forecasts are an extrapolation of prior trends, and could not be conducted with regard to
economic considerations or capacity issues.

Year 2000 and 2020 forecasts were compared with the available resources for two alternatives: a
Baseline scenario and a Seasonal Consumptive Use scenario. The Baseline scenario assumed the
most likely growth forecast for the Washington metropolitan area, current levels of environmental
flow requirements, current assumptions regarding conservation (i.e., effects of Federal Energy
Policy Act of 1992), current effective water pricing rates, no effects of climate change on
resources or demands, and implementation of voluntary and mandatory restrictions as documented
in the Metro Study. The Baseline scenario did not consider the effects of upstream consumptive
demands. The assumptions for the Seasonal Consumptive Use scenario were the same as those
for the Baseline scenario but also included the effects of upstream consumptive demands.
Seasonal consumptive demands were assumed to affect both historical stream flows as well as
projected streamflow resources. Results of the analyses are provided in Table 6-4.

Table6-4: Forecast year and minimum combined Jennings Randolph and Little Seneca storage
remaining and number of restriction years for Baseline and Seasonal Consumptive Use scenarios

Year |Scenario 1: Baseline (billion Scenario 2: Seasonal Consumptive Use
gallons) (billion gallons, number restrictions
2000 11.0 bg 8.9 bg
No restrictions 2 voluntary restrictions
no mandatory restrictions
2020 6.5 3.1
2 voluntary restrictions 2 voluntary restrictions
no mandatory restrictions 1 mandatory restriction
2030 5.0 1.5
2 voluntary restrictions 2 voluntary restrictions
No mandatory restrictions 3 mandatory restrictions

Table 6-4 shows that during a repetition of the worst drought of record (1930-1931), the minimum
remaining water supply storage in Jennings Randolph and Little Seneca combined under the
Baseline alternative would be 5.0 billion gallons (bg), given year 2030 demands. For the
Seasonal Consumptive Use alternative, the minimum remaining water supply storage would be

1.5 bg given year 2030 demands. The net difference between the two scenarios is a reduction of
3.5 bg in remaining reservoir storage.
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Table 6-4 also shows that the number of mandatory restrictions is projected to increase from zero
to three over the adjusted 67-year period of record when consumptive demands are considered.

The magnitude, duration and frequency of low flows were examined for the Washington
metropolitan area. The 1930-1931 drought was the longest drought in the historical record, and is
the period in which modeled reservoir storage was most depleted given 2030 demands. The
simulated flow for the Seasonal Consumptive Use alternative is quite variable over the roughly
three and a half month period during which modeled releases were made (July 16, 1930 to
November 3, 1930). The simulated flow downstream of Little Falls varied from between 110 and
1830 mgd and 164 mgd respectively. The simulated river flow did not remain constant at the 100
mgd recommended environmental flow-by target during the three and a half month release period
in part because of the inefficiency of Jennings Randolph operations as discussed in Appendix L.

The frequency and duration of simulated flow is presented in Table 6-5. This table describes each
year in the historical record for which releases would have been required given 2030 demands for
both Baseline and Seasonal Consumptive Use alternatives . The total number of days in which
releases would have been required for each year is also given.

Table 6-5: Years in historical record in which releases would have been required given 2030
demands, and number of days of releases for each year for Baseline and Seasonal Consumptive
Use scenarios.

Simulation year Number of days in which releases would have been made
Baseline alternative Seasonal Consumptive Use
1930 72 88
1931 1 12
1932 36 45
1934 - 4
1941 - 6
1944 - 16
1954 - 6
1957 22 31
1959 1 10
1962 - 2
1963 32 57
1964 12 28
1965 19 34
1966 53 58
1969 - 5
1977 - 2

The number of days of releases shown in Table 6-5 may not be consecutive. For example, the 88
days in which modeled releases were required under 1930 flow conditions for the Seasonal
Consumptive Use alternative took place over the course of 110 days.

Consumptive demands increase the frequency and duration of low flows in the Potomac River at
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Little Falls, but because of reservoir regulation to meet environmental flow requirements, the
magnitude of extreme low flows is not affected by increasing consumptive demands.

D. Ground water

The current work conservatively assumes that all withdrawals from groundwater are actually from
the river; therefore, the maximum amount of demand possible is apparently required to be met by
concurrent river flow. All consumptive demand was assumed to come from the river and its
tributaries instantaneously, where in reality there would be a lag in the ground water consumptive
use withdrawal in its effect on river flow. This conservative assumption is a major issue and may
lead to on overestimate of impacts of demands on resources as calculated in the present study.

E. Small upstream reservoirs

The contribution to resources of small locally important upstream reservoirs was ignored in the
present study. Although the duration and frequency of use and thus contribution of these
reservoirs was not considered, these sources may provide a significant short term addition to
overall resources. Their omission from the present study was a conservative assumption with
regard to lagging demand compared with river flow, as it was for ground water.

F. Climate change effect on resources

A prior study of climate change, Water Resources Management in the Potomac River Basin under
Climate Uncertainty (Steiner et al., 1997), examined several climate change scenarios and their
effects on reservoir storage and Potomac River flow and Washington metropolitan area system
demands for the year 2030. The study approach and results are summarized below.

Output from five General Circulation Models (GCMs) was examined. The five models selected
were:

. Geophysical Fluid Dynamics Laboratory, new version (GFDL)

. Goddard Institute for Space Studies, version A (GISS-A)

. Goddard Institute for Space Studies, version B (GISS-B)

. United Kingdom Meteorological Office, Hadley Centre (UKMO)
. Max Planck Institute, Germany (MPI)

Complete data sets were obtained for all of these models through the National Center for
Atmospheric Research. In general, the GCM scenarios predict a wide range of climatic variation
rather than clearly representing any consistent future scenario. Some model results in fact
predicted cooler and/or wetter summertime conditions.

A further source of uncertainty in this method was that the GCM outputs were in terms of average
monthly precipitation and temperature. The outputs could only be used to generate projections on
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similar statistics, that is, to project long term average values rather than trends or extremes.
Precisely what is needed for the current study is a prediction of how extreme event (drought)
flows might be affected by climate change.

There are numerous and substantial uncertainties associated with anticipated climate change, not
least of which is the lack of any clear climate result for this region from the five different GCM
model runs; therefore, no explicit climate change impacts were incorporated in the analysis of
resources for the present study.

An analysis was conducted as part of the Year 2000 Twenty-Year Water Demand Forecast and
Resource Availability Analysis for the Washington Metropolitan Area (Hagen and Steiner, 2000)
to determine the sensitivity of the metropolitan Washington water supply system to potential
climate change. If climate change were to occur, demands could increase and streamflow
resources could decrease relative to historical conditions. Resource sensitivity analysis showed
that given a reduction in historical streamflow of 5 percent and a 9.5 percent increase in June
through September Washington area water supply demands, the system of reservoirs could meet
demands in 2020 but reserve storage would be nearly depleted.

It should be noted that across the board reductions in streamflow resources selected for the
sensitivity analysis were not based on hydrology or general circulation models but were merely
arbitrarily selected measures that have no basis in physical science. These reductions were used to
alter the historical record so that changes in historical system resources could be quantifiably
linked to changes in the system's ability to meet future demand. Explicit research has not been
conducted to examine how extreme event hydrology (drought) might be affected by potential
climate change. It remains an unanswered question of how much worse might have been the
drought of 1930-1931 under the effects of potential climate change.
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VII. Summary of Results

The population living and working in the Potomac River basin, from Washington, DC upstream to
the boundary of the watershed, was estimated to increase by approximately 1,589,790 in the
period from year 2000 to 2030. The population figures for the beginning and end of the period
were estimated to be 5,076,750 and 6,666,540, respectively.

Total annual average demand for water supplies for all human uses in the Potomac River basin,
from Washington, DC upstream to the boundary of the watershed, were forecast to increase from
approximately 866 mgd to 1,083 mgd in the period from year 2000 to 2030.

Consumptive use in a hot dry year was estimated as approximately 122 million gallons per day
(mgd) in 1995 , on average during the months of June, July and August. The most significant
consumptive uses of water were the domestic (62.8 mgd), irrigation (18.1 mgd), and industrial
(17.3 mgd) categories of water use. These three categories would have accounted for about 80
percent of the consumptive use in the basin during June through August given drought conditions
in 1995.

Consumptive demand for the basin upstream of the Washington DC metropolitan area is expected
to grow from 129 mgd in 2000 to 159 mgd in 2030 (a net change of 30 mgd over 30 years) during
hot and dry conditions for the months of June through August.

A resource assessment was conducted to compare consumptive demands with Potomac River
flow at several scales. Table 7-1 provides a summary of the resource assessment results. Several
important assumptions were made regarding the resource analysis:

. Not considered in the resource analysis was that Maryland water users can be required to
reduce or cease water use to maintain flows in streams. To meet flow requirements on
water use permits, a reduction in use could be achieved by ceasing or reducing outdoor
watering, thereby substantially reducing the consumptive use in a watershed.

. All withdrawals from groundwater are actually from the river. However, much of the
groundwater withdrawn to meet peak demand will not have an immediate affect on
streamflow, leading to possible over-estimates of consumptive use.

. No potential climate change impacts were incorporated in the analysis of resources for the
present study.

. The contribution to resources of small locally important upstream reservoirs was ignored.
Although the duration and frequency of use and thus contribution of these reservoirs was
not considered, these sources may provide a significant short term addition to overall
resources. Their omission from the present study was a conservative assumption with
regard to lagging demand compared with river flow, as it was for ground water.
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Table 7-1: Summary of resource assessment results

Scale Conclusion
Individual Consumptive withdrawals in some parts of the Middle Potomac HUC region appear to be nearly
HUCs equal to total low flow during drought periods.
The Monocacy HUC’s consumptive withdrawals are presently nearly equal to total low flow during
drought periods, and are predicted to increase higher than the minimum 1930 historical streamflow
by 2030.
For the remaining HUC regions, the estimates of consumptive demands for 2000 are approximately
7 to 43 percent of the minimum flow for each HUC. The estimates of consumptive demand for
2030 are 8 to 56 percent of the minimum flow
Regional Resources will be adequate to meet water supply demands in the Potomac River upstream of
(grouped Washington DC in the year 2030.
HUCs)
Withdrawals were calculated to be 13 to 27 percent of the minimum flow in 2000 and 14 to 33
percent of the minimum flow in 2030 for all groups evaluated.
Withdrawals were calculated to be 10 to 16 percent of the 7Q10 flow in 2000 and 11 to 20 percent
of the minimum flow in 2030.
Basin-wide | Resources will be adequate to meet water supply demands and current environmental flow
(Potomac recommendations in the Potomac River upstream at Washington DC in the year 2030 under a repeat
at DC) of the historical drought of record, but resources would be nearly depleted in this scenario.

If climate change were to occur, demands could increase and streamflow resources could decrease
relative to historical conditions. Resource sensitivity analysis shows that given a reduction in
historical streamflow of 5 percent and a 9.5 percent increase in Washington area water supply
demands, the system of reservoirs could meet demands in 2020 but reserve storage would be nearly
depleted.

Consumptive demands have an impact on long-term water supply resource availability at DC,
decreasing the amount of remaining water supply in the reservoirs and increasing the frequency of
voluntary and mandatory restrictions required to meet demands for the Washington metropolitan
area in the year 2030.

Consumptive demands increase the frequency and duration of low flows in the Potomac River at
Little Falls; however, the release of water from upstream reservoirs to meet local environmental
flow requirements limits the effect of the increased consumptive demand on the magnitude of
extreme low flows.
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VIII. Conclusions
A. Study conclusions

Cumulative consumptive demands for the Potomac basin upstream of the WMA were combined
with current and forecast water supply withdrawals for the WMA and compared to historical river
flow at Little Falls near Washington, D.C., which is downstream of all major Potomac River basin
water supply intakes. For the Washington metropolitan area, resources will be adequate to meet
demands in the year 2030 under a repeat of the historical drought of record but resources would be
nearly depleted in this scenario. Consumptive demands have an impact on long-term water supply
resource availability at DC, decreasing the amount of remaining water supply in the reservoirs in
future years and increasing the frequency of voluntary and mandatory restrictions required so that
demands can be met for the WMA. Consumptive demands increase the frequency and duration of
low flows in the Potomac River at Little Falls, but because of reservoir regulation to meet
environmental flow requirements, the magnitude of extreme low flows is not affected by
increasing consumptive demands.

Cumulative demands on the Potomac River itself were evaluated throughout the basin through the
medium scale analysis (grouped HUC region analysis). Resources will be adequate to meet water
supply demands in the year 2030 in the Potomac River upstream of Washington DC.
Consumptive demands throughout the basin upstream of DC are currently at most about a quarter
of the total flow in the free flowing Potomac during a repeat of the historical lowest flows. The
consumptive demand is forecast to increase to up to a third of the historic low flow by 2030.
Given flows that have a ten percent probability of occurring in any year, the current consumptive
demand throughout the basin is less than a sixth of the flow at any point, and is forecast to be up
to about a fifth of the flow in 2030.

At the individual HUC scale, two of the seven HUC regions evaluated may not have enough flow
to meet current and predicted consumptive demand during a repeat of the lowest historical
minimum flow (Monocacy and Middle Potomac Catoctin). For the remaining individual HUC
regions, estimates of consumptive demands range from approximately 7 to 43 percent of the
minimum flow in 2000 and from 8 to 56 percent of the minimum daily flow in 2030.

This analysis did not attempt to identify potential problems at the local scale, i.e., for individual
tributary streams in the headwaters of the Potomac.

The effect of potential climate change on resources was not explicitly considered in the present
study. There are numerous and substantial uncertainties associated with anticipated climate
change, not least of which is the lack of any clear climate result for this region from the five
different global circulation models previously examined. However, resource sensitivity analysis
for the Washington metropolitan area shows that given a reduction in historical streamflow of 5
percent and a 9.5 percent increase in Washington area water supply demands, the system of
reservoirs could meet demands in 2020 but reserve storage would be nearly depleted.
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B. Future work

Although the present study was expected to rely primarily on existing data and information, a
significant amount of important new work was performed in the course of producing the results
presented herein. During the study, several other potentially important areas of investigation were
identified, but limitations on time and resources did not permit further work. Future effort spent
on the following issues would lead to significant refinements in the forecast of water demand and
the adequacy of resources to meet those demands in the future.

. Analyses of demands and resources within small watersheds (HUCs) would identify
potential future resource availability problems at the local scale. In order to address the
problems noted above for the Monocacy and Middle Potomac HUC regions, and to
identify potential problems at the local scale, a forecast for each of the major components
of seasonal demand (for the Potomac the major components are domestic, commercial,
industrial, thermoelectric, livestock, and irrigation) would need to be identified spatially.
GIS tools could be used to assist in combination with soil type, gage information, and
areal adjustment could be used to identify 7Q10 and minimum historical flows at each
withdrawal point. Cumulative upstream withdrawals could be accounted for using these
spatial tools. The contribution to supply from small locally important upstream reservoirs
would also be considered.

. Consumptive water use forecasts for the largest water using sector would be more
confidently conducted if the assumption that outdoor domestic water use for the several
housing types is the same throughout the basin as it is for the WMA could be tested.

. Future work might verify the USGS estimates of consumptive use for commercial,
industrial, thermoelectric, livestock, and irrigation withdrawals in the basin, and resolve
whether seasonal variations in consumptive demands for these categories of water use
were significant.

. A more detailed consideration of ground water as a resource would provide useful
refinements to the results.

. A thorough discussion of other issues (e.g. climate change, minimum instream flow

requirements) impacting or potentially impacting demands and resources throughout the
watershed would help integrate resources management issues for the Potomac River basin.
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MARYLAND

Allegany County, MD

Population

All of Allegany County is located fully within the Potomac River basin. The source of
population estimates for the County for the base year of 1995 was derived from the U.S.
Geological Survey information (USGS, 1995). This source provided population data for
residents supplied by public water systems as well as those who were self supplied. Population
forecasts for the county for the years 2000, 2010, and 2020 were derived from information
available from the Maryland Office of Planning, State Data Center (2000).

By projecting forecast trends another ten years for this study, it is estimated that the county
population will be approximately 71,300 in the year 2030. Thus, the total population of
Allegany County living in the Potomac River basin is forecast to decrease over the period 2000
to 2030 by 1,650, i.e. from 72,950 to 71,300. The proportions of the total population for the
years 2000 through 2030, supplied by public systems and those that are self supplied, were
derived by applying the ratio of population thus supplied derived from the U.S. Geological
Survey information for the year 1995. These population data are presented in the summary table
for Maryland, Table A - MD.

Water use

The source of water use estimates for the County for the base year of 1995 was derived from the
U.S. Geological Survey information (USGS, 1995). This information provided water use data
for residents supplied by public water systems as well as those who were self supplied. Due to
the very small forecast change in population for the county for the period 2000 through 2030,
water use forecasts for those years were derived by applying the rate of population change from
the year 1995 to water supplied as derived from the USGS information for the year 1995.

The City of Cumberland, located in Allegany County, derives its water supply from sources in
Bedford County, PA. The total water use in Allegany County is estimated to decrease over the
period 2000 to 2030 by 1.5 mgd, i.e. from 52.2 mgd to 50.7 mgd, excluding agricultural water
use. These water use and forecast data are presented in the summary table for Maryland,
Table A - MD.

Carroll County, MD

Population

Approximately one half the area of Carroll County lies within the Potomac River basin. A
significant portion of the population residing in that area is supplied by the City of Westminster
public system which derives its supply from outside the Potomac basin. However, it is expected
that a new reservoir will be developed in the Potomac basin in the near future to accommodate
the city’s growth. Therefore, in the year 2000 the population of Westminster was excluded from
the analysis for this study; but the expected population growth for the city was included in the

A-2



study for the years 2010 through 2030.

The county population supplied by water from the Potomac River basin was determined by
analyzing census data (ESRI, 2000) in coordination with digital map overlays. For the years
2000 and 2010, the population of the county supplied by water from the Potomac River basin by
public systems from surface or ground water sources was derived from Carroll County Master
Plan for Water and Sewerage (1999). The populations thus derived were indexed to those
available from the Maryland Office of Planning, State Data Center (2000) out to the year 2020.

By projecting forecast trends another ten years for this study, it is estimated that the county
population supplied by public systems and that which is self supplied in the Potomac River basin
portion of the county will be approximately 70,400 in the year 2030. Thus, the total population
of Carroll County supplied by sources in the Potomac River basin is estimated to increase over
the period 2000 to 2030 by 28,530, i.e. from 41,870 to 70,400 These population data are
presented in the summary table for Maryland, Table A - MD.

Water use

Information concerning the amount of domestic water use estimates for the base year for the
portions of the county in the Potomac River basin was derived from the Carroll County Master
Plan for Water and Sewerage (1999). This information provided water use data for residents
supplied by public water systems as well as those who were self supplied, and it formed the basis
of forecasts for the county developed for the years 2000 through 2030. The water use forecasts
for those years were developed in proportion to the increase in population during the same
period, taking into account that the proportion of the total population supplied by public systems
is expected to grow faster (due to the implementation of Maryland’s Smart Growth policy) than
those that are self supplied. Water use data for non-domestic uses was derived from the U.S.
Geological Survey information (USGS, 1995), and adjusted by the percent of the population of
the county living in the Potomac River basin.

The total water use in Carroll County is estimated to increase over the period 2000 to 2030 by 4.3
mgd, i.e. from 5.7 mgd to 10.0 mgd, excluding agricultural water use. These water use and
forecast data are presented in the summary table for Maryland, Table A - MD.

Frederick County, MD

Population

All of Frederick County is located fully within the Potomac River basin. The source of
population estimates for the County for the base year of 1995 was derived from the U.S.
Geological Survey information (USGS, 1995). This information provided population data for
residents supplied by public water systems as well as those who were self supplied. Population
forecasts for the county for the years 2000, 2010, and 2020 were derived from information
available from the Maryland Office of Planning, State Data Center (2000).



By projecting forecast trends another ten years for this study, it is estimated that the county
population will be approximately 323,000 in the year 2030. Thus, the total population of
Frederick County living in the Potomac River basin is estimated to increase over the period 2000
to 2030 by 129,400, i.e. from 193,600 to 323,000.

The proportion of the total population supplied by public systems is expected to grow faster (due
to the implementation of Maryland’s Smart Growth policy) than those that are self supplied.
Trends related to this issue derived from the Frederick County Water and Sewerage Plan (1995)
were applied to county total population data from the Maryland Office of Planning, State Data
Center (2000). In this way, the population supplied by public systems and that which is self
supplied were derived for the period 2000 through 2020. By projecting forecast trends another
ten years for this study, data for the population supplied by public systems and that which is self
supplied were derived for the year 2030. These population data are presented in the summary
table for Maryland, Table A - MD.

Water use

Information concerning the amount of water use estimates for the base year for the county was
derived from the U.S. Geological Survey information (USGS, 1995). This information provided
water use data for residents supplied by public water systems as well as those who were self
supplied, and it formed the basis of forecasts for the county developed for the years 2000 through
2030. The water use forecasts for those years were developed in proportion to the increase in
population during the same period, taking into account that the proportion of the total population
supplied by public systems is expected to grow faster (due to the implementation of Maryland’s
Smart Growth policy) than those that are self supplied.

The total water use in Frederick County is estimated to increase over the period 2000 to 2030 by
16.80 mgd, i.e. from 25.81 mgd to 42.61 mgd, excluding agricultural water use. These water use
and forecast data are presented in the summary table for Maryland, Table A - MD.

Garrett County, MD

Population

Only a relatively small portion of Garrett county lies within the Potomac River basin. This land
area takes the shape of a swath of land running parallel to the eastern border of the county, and is
in the sub-drainages of the North Branch Potomac River, Savage River, and Georges Creek. The
area is rural, rugged, and substantially occupied by state park and forest land or Jennings
Randolph and Savage River reservoirs and their margins. The Garrett County Comprehensive
Water and Sewer Master Plan (1997) contained information which indicates that 18.8 percent
and 18.7 percent of the county population lived in the Potomac River basin portion of the county
in the years 1990 and 2000, respectively. Due to the relatively rural nature of the area and small
communities, only 17.7 percent and 19.7 percent of the Potomac basin population was served by
public systems in the years 1990 and 2000, respectively. Maryland’s Smart Growth policy will
likely continue to favor the concentration of increasing population in the small communities, and
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other parts of the county which are presently more developed. Therefore, it is estimated that the
percent of population living in the Potomac basin of the county in the future will be 18.5, 18.3
and 18.1 for the years 2010, 2020, and 2030 respectively. Population data for the years 2000
through 2020 was obtained from the Maryland Office of Planning, State Data Center (2000). By
projecting forecast trends another ten years for this study, it is estimated that the county
population supplied by public systems and that which is self supplied in the Potomac River basin
portion of the county will be approximately 6,140 in the year 2030. Thus, the total population of
Garrett County living in the Potomac River basin is estimated to increase over the period 2000 to
2030 by 690, i.e. from 5,450 to 6,140. These population data are presented in the summary table
for Maryland, Table A - MD.

Water use

Communities supplied by public systems are almost entirely residential, with practically no
commercial or industrial water use. The source of domestic water use estimates for the base year
for the portions of the county in the Potomac River basin was derived from the Garrett County
Comprehensive Water and Sewer Master Plan (1997). This information provided water use data
for residents supplied by public water systems as well as those who were self supplied, and it
formed the basis of forecasts for the county developed for the years 2000 through 2030. The
water use forecasts for those years were developed in proportion to the increase in population
during the same period. Water use data for non-domestic uses was derived from the U.S.
Geological Survey information (USGS, 1995), and adjusted by the percent of the population of
the county living in the Potomac River basin.

The total water use in Garrett County is estimated to increase over the period 2000 to 2030 by
only 0.03 mgd, i.e. from 0.69 mgd to 0.72 mgd, excluding agricultural water use. These water
use and forecast data are presented in the summary table for Maryland, Table A - MD.

Montgomery County, MD

Population

The population of Montgomery County served by public surface systems drawing water from the
Potomac River consists of the customers of the Washington Suburban Sanitary Commission
(WSSC) and City of Rockville. The town of Poolesville is the only significant public ground
water system in the Potomac River basin portion of the county, and the remainder of the
population is self supplied from wells. The Rockville, Poolesville and self supplied population
data for the period 2000 - 2020 (shown in the Montgomery County Worksheet, Appendix B) was
derived from Desjardin, et al. 1999 and digital map overlays.

In the year 2000 it is estimated (Hagen and Steiner, 2000, and Desjardin, et al. 1999) that the
population of the areas served by the WSSC and Rockville is approximately 831,300. The
population of the town of Poolesville (served by a ground water system) is estimated to be 3,700.
The remaining population of the county is self supplied, with an estimated year 2000 population
of 11,300. Thus, the total population of Montgomery County living in the Potomac River basin
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or served by WSSC with water drawn from the Potomac or Patuxent rivers is estimated to be
approximately 846,300 in the year 2000. The population associated with the Commercial
category of water use is the number of employees, and is not included in the total population for
the county.

Population estimates for the year 2010 (from the same sources) for WSSC and Rockville,
Poolesville, and self supplied are approximately 919,900, 3,800, and 11,100, respectively. Thus,
the total population of the county living in the Potomac basin or potentially served by water from
it is estimated to be approximately 934,800 in the year 2010.

Estimates for the year 2020 (from the same sources) for WSSC and Rockville, Poolesville, and
self supplied are approximately 978,500, 3,800, and 10,500, respectively. Thus, the total
population of the county living in the Potomac basin or potentially served by water from it is
estimated to be approximately 992,800 in the year 2020.

By projecting forecast trends another ten years to 2030, it is estimated that the WSSC and
Rockville, Poolesville, and self supplied populations will be approximately 1,008,000, 3,800, and
10,300, respectively. Thus, the total population of Montgomery County living in the Potomac
basin or potentially served by water from it is estimated to be approximately 1,022,100 in the
year 2030. These population data are presented in the summary table for Maryland, Table A -
MD.

Water use

The major portion of Montgomery County population is served by the Washington Suburban
Sanitary Commission (WSSC). The water use and forecast for the WSSC service area in the
county for the present study to the year 2020 is based upon the recently completed Year 2000
Twenty-Year Water Demand Forecast and Resource Availability Analysis for the Washington
Metropolitan Area (Hagen and Steiner, 2000). That study considered detailed population and
employee forecasts produced by the Metropolitan Washington Council of Governments
(Desjardin, et al. 1999) and the expected effects of the Energy Policy Act of 1992 (102D
Congress, 1992) on future household consumption. All the commercial and industrial water use
was converted to numbers of employees and water use per employee in order to use the Council
of Governments’ forecasts of employees. The forecast of demand for the WSSC service area in
the present study to the year 2030 was developed by extending the trend established in the
metropolitan area 20-year forecast. In the 30 year period from 2000 to 2030, the water use
demand in the WSSC service area of the county is expected to grow by 20.5 mgd, i.e., from 88.8
mgd to 109.3 mgd.

The City of Rockville draws its water supply from the same source as does WSSC and returns its
treated waste water effluent below the tidal limit. Therefore, the forecast for the city to the year
2020 was conducted in the Year 2000 Twenty-Year Water Demand Forecast and Resource
Availability Analysis for the Washington Metropolitan Area (Hagen and Steiner, 2000), and
extended to the year 2030 in the same manner as that for the WSSC supplied portion of the
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county. In the 30 year period from 2000 to 2030, the water use demand in the City of Rockville
is expected to grow by 0.4 mgd, i.e., from 5.3 mgd to 5.7 mgd. These forecasts of demand are
combined with those for the WSSC served area of Montgomery County and presented as metro
demands for Montgomery County in the demand summary table for Maryland (Table A - MD).

Prince George’s County, MD

Population

Essentially all of the population of Prince George’s County living in the Potomac River basin and
receiving its water from the non-tidal portion of the river is supplied by the Washington
Suburban Sanitary Commission (WSSC). In the year 2000 it is estimated (Hagen and Steiner,
2000, and Desjardin, et al. 1999) that the population of the area served by WSSC is
approximately 747,700. The population associated with the Commercial category of water use
is the number of employees, and is not included in the total population for the county.

The estimate for the year 2020 (from the same sources) is approximately 882,100. Interpolation
of the estimates for the years 2000 and 2020, results in an estimated population for Prince
George’s County of approximately 814,900 in the year 2010.

By projecting forecast trends another ten years to 2030, it is estimated that the WSSC supplied
population of the county will be 907,000 in the year 2030. These population data are presented
in the summary table for Maryland, Table A - MD.

Water use

The Washington Suburban Sanitary Commission serves all of Prince George’s County that is
within the Potomac River basin. The water use and forecast for the WSSC service area in the
county for the present study to the year 2020 is based upon the recently completed Year 2000
Twenty-Year Water Demand Forecast and Resource Availability Analysis for the Washington
Metropolitan Area (Hagen and Steiner, 2000). That study considered detailed population and
employee forecasts produced by the Metropolitan Washington Council of Governments
(Desjardin, et al. 1999) and the expected effects of the Energy Policy Act of 1992 (102D
Congress, 1992) on future household consumption. All the commercial and industrial water use
was converted to numbers of employees and water use per employee in order to use the Council
of Governments’ forecasts of employees. The forecast of demand for the WSSC service area in
the present study to the year 2030 was developed by extending the trend established in the
metropolitan area 20-year forecast. In the 30 year period from 2000 to 2030, the water use
demand in the WSSC service area of the county is expected to grow by 17.4 mgd, i.e., from 78.7
mgd to 96.1 mgd, excluding agricultural water use. These water use and forecast data are
presented in the summary table for Maryland, Table A - MD.

Washington County, MD

Population
All of Washington County is located fully within the Potomac River basin. The source of

A-7



population estimates for the County for the base year of 1995 was derived from the U.S.
Geological Survey information (USGS, 1995). This information provided population data for
residents supplied by public water systems as well as those who were self supplied. Population
forecasts for the county for the years 2000, 2010, and 2020 were derived from information
available from the Maryland Office of Planning, State Data Center (2000).

By projecting forecast trends another ten years for this study, it is estimated that the county
population will be approximately 146,700 in the year 2030. Thus, the total population of
Washington County living in the Potomac River basin is estimated to increase over the period
2000 to 2030 by 18,400, i.e. from 128,300 to 146,700.

The proportion of the total population supplied by public systems is expected to grow faster (due
to the implementation of Maryland’s Smart Growth policy) than those that are self supplied.
Trends related to this issue derived from the Washington County Water and Sewerage Plan
(1994) were applied to county total population data from the Maryland Office of Planning, State
Data Center (2000). In this way, the population supplied by public systems and that which is self
supplied were derived for the period 2000 through 2020. By projecting forecast trends another
ten years for this study, data for the population supplied by public systems and that which is self
supplied were derived for the year 2030. These population data are presented in the summary
table for Maryland, Table A - MD.

Water use

The source of water use estimates for the county for the base year of 1995 was derived from the
U.S. Geological Survey information (USGS, 1995). This information provided water use data
for residents supplied by public water systems as well as those who were self supplied, and it
formed the basis of forecasts for the county developed for the years 2000 through 2030. The
water use forecasts for those years were developed in proportion to the increase in population
during the same period.

The total water use in Washington County is estimated to increase over the period 2000 to 2030
by 5.1 mgd, i.e. from 48.7 mgd to 53.8 mgd, excluding agricultural water use. These water use
and forecast data are presented in the summary table for Maryland, Table A - MD.



DISTRICT OF COLUMBIA

Population

All the population of Washington, D.C. is served by the District of Columbia Water and Sewer
Authority with treated water purchased from the Washington Aqueduct Division of the U.S.
Army Corps of Engineers (WA). The water is withdrawn from the non-tidal Potomac River at
Great Falls (by gravity) and at Little Falls (by pumping). In the year 2000 it is estimated (Hagen
and Steiner, 2000, and Desjardin, et al. 1999) that the population of the area served by WA is
approximately 518,100.

The estimate for the year 2020 (from the same sources) is approximately 618,600. Interpolation
of the estimates for the years 2000 and 2020, results in an estimated population for Washington,
D.C. of approximately 568,300 in the year 2010.

By projecting forecast trends another ten years to 2030, it is estimated that the WA supplied
population of the city will be 669,000 in the year 2030. These population data are presented in
the water use and forecast summary table for District of Columbia, Table A - DC.

Water use

The nation’s capital is served by the District of Columbia Water and Sewer Authority which is a
wholesale customer for treated water of the Washington Aqueduct Division of the U.S. Army
Corps of Engineers (WA). The water use and forecast for the city for the present study to the
year 2020 is based upon the recently completed Year 2000 Twenty-Year Water Demand Forecast
and Resource Availability Analysis for the Washington Metropolitan Area (Hagen and Steiner,
2000). The metropolitan area 20-year forecast study considered detailed population and
employee forecasts produced by the Metropolitan Washington Council of Governments
(Desjardin, et al. 1999) and the expected effects of the Energy Policy Act of 1992 (102D
Congress, 1992) on future household consumption. All the commercial and industrial water use
was converted to numbers of employees and water use per employee in order to use the Council
of Governments’ forecasts of employees. The forecast of demand for the District of Columbia in
the present study to the year 2030 was developed by extending the trend established in the
metropolitan area 20-year forecast. In the 30 year period from 2000 to 2030, the water use
demand in the District of Columbia is expected to grow by 24.1 mgd, i.e., from 130.4 mgd to
154.5 mgd. These water use and forecast data are presented in the summary table for District of
Columbia, Table A - DC.



PENNSYLVANIA

Adams County, PA

Population

Approximately half of the land area of Adams County (including the city of Gettysburg) lies in
the Potomac River basin. The land is relatively flat with a predominance of agriculture. It is
estimated that somewhat less than half of the population in this area is served by public water
supply systems. The total population of the county, in the basin, is expected to grow from
approximately 42,790 in the year 2000 to 51,650 in the year 2030.

Water use

Total water use for all categories is expected to increase from 8.35 mgd to 9.43 mgd during the
forecast period, excluding agricultural water use. Relatively large industrial and agricultural uses
exist in the self-supplied sector.

Bedford County, PA

Population

Approximately one third of the land area of Bedford County (with no large communities) lies in
the Potomac River basin. The land is predominantly valley and ridge, with large areas of forest
cover on the hillsides, and modest farms in the valleys. It is estimated that approximately one
third of the population in this area is served by public water supply systems. The total population
of the county, in the basin, is expected to grow from approximately 7,020 in the year 2000 to
7,900 in the year 2030.

Water use

Total water use for all categories is expected to increase only from 0.55 mgd to 0.59 mgd during
the forecast period, excluding agricultural use. (Bedford County is the source of water supply for
the City of Cumberland which is located in Allegany County, MD.)

Franklin County, PA

Population

Approximately three fourths of the land area of Franklin County (including the communities of
Chambersburg, Waynesboro, Greencastle, and Mercersburg) lies in the Potomac River basin.
The land is dominated by the broad valleys of the Conococheague and Antietam creeks and their
tributaries. Agriculture and associated enterprises occupy most of the land of this county in the
Potomac River basin. It is estimated that approximately 60 percent of the population in this area
is served by public water supply systems. The total population of the county, in the basin, is
expected to grow from approximately 115,800 in the year 2000 to 120,830 in the year 2030.

Water use
Commercial, industrial, and agricultural water use in Franklin County are relatively high in
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comparison with other Potomac River basin counties of the state. Total water use is expected to
increase from 13.85 mgd to 14.01 mgd during the forecast period, excluding agricultural use.

Fulton County, PA

Population

Approximately three fourths of the land area of Fulton County (including numerous small
communities) lies in the Potomac River basin. The land is dominated by valley and ridge
topography. Forests and agriculture most of the land of this county in the Potomac River basin.
It is estimated that approximately one fourth of the population in this area is served by public
water supply systems. The total affected population of the county, in the basin, is expected to
grow from approximately 11,920 in the year 2000 to 13,400 in the year 2030.

Water use
Total water use for all categories is expected to increase from 1.17 mgd to 1.23 mgd during the
forecast period, excluding agricultural use.

Somerset County, PA

Population

Approximately one eighth of the land area of Somerset County (with no large communities) lies
in the Potomac River basin. The land is dominated by mountainous terrain with large areas of
forest cover on the hillsides, and modest farms in the valleys. It is estimated that approximately
one half of the population in this area is served by public water supply systems. The total
population of the county, in the basin, is expected to decrease from approximately 2,290 in the
year 2000 to 2,040 in the year 2030.

Water use
Total water use is expected to decrease from 0.31 mgd to 0.27 mgd during the forecast period,
excluding agricultural use.



VIRGINIA

Arlington County, VA

Population

Arlington County is adjacent to the District of Columbia, and is heavily urbanized. All the
population of the county is served by wholesale purchase from the Washington Aqueduct
Division of the U.S. Army Corps of Engineers (WA) with water drawn from the non-tidal
Potomac River. In the year 2000 it is estimated (Hagen and Steiner, 2000, and Desjardin, et al.
1999) that the population of the area served by WA is approximately 189,300.

The estimate for the year 2020 (from the same sources) is approximately 210,200. Interpolation
of the estimates for the years 2000 and 2020, results in an estimated population for Arlington
County of approximately 199,800 in the year 2010.

By projecting forecast trends another ten years to 2030, it is estimated that the WA supplied
population of the county will be 220,000 in the year 2030. These population data are presented
in the summary table for Virginia, Table A - VA.

Water use

All of the population of Arlington County is served by the Arlington Department of Public
Works which is a wholesale customer for treated water of the Washington Aqueduct Division of
the U.S. Army Corps of Engineers (WA). The water use and forecast for the county for the
present study to the year 2020 is based upon the recently completed Year 2000 Twenty-Year
Water Demand Forecast and Resource Availability Analysis for the Washington Metropolitan
Area (Hagen and Steiner, 2000). Demand forecasts for the special areas of: the Pentagon,
Arlington Cemetery, Fort Myer, and Ronald Reagan National Airport were calculated separately
in the metropolitan area 20-year forecast, but are combined in the present study. The
metropolitan area 20-year forecast study considered detailed population and employee forecasts
produced by the Metropolitan Washington Council of Governments (Desjardin, et al. 1999) and
the expected effects of the Energy Policy Act of 1992 (102D Congress, 1992) on future
household consumption. All the commercial and industrial water use was converted to numbers
of employees and water use per employee in order to use the Council of Governments’ forecasts
of employees. The forecast of demand for Arlington County in the present study to the year 2030
was developed by extending the trend established in the metropolitan area 20-year forecast. In
the 30 year period from 2000 to 2030, the water use demand in Arlington County is expected to
grow by 7.9 mgd, i.e., from 27.9 mgd to 37.7 mgd, excluding agricultural use. These water use
and forecast data are presented in the summary table for Virginia, Table A - VA.

Augusta County, VA

Population

Most of Augusta County lies within the non-tidal Potomac River basin at the headwaters of the
Shenandoah River. Based on GIS overlays of 1990 Census tract information (ESRI, 2000) and
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the watershed boundary, it was determined that 96.3 percent of the county’s population lived
within the non-tidal Potomac River basin. Generally, for the Commonwealth of Virginia,
population data and information are given for counties exclusive of independent cities.
Therefore, population and water use data for the county and for the independent cities of
Staunton and Waynesboro were combined for the present study. The population forecasts for the
year 2000 and 2010 for the county and independent cities were obtained from the Weldon
Cooper Center for Public Service at the University of Virginia. Population forecasts for whole
states from 1995 through 2025 were obtained from Population Projections: States: 1995 - 2025
(U.S. Bureau of the Census, 1997). The 2030 population for the state was estimated by
extrapolating the U.S. Bureau of the Census data. Population figures for the county for the years
2020 and 2030 were developed for the present study by extending the trend of the county
population for the years 2000 and 2010 as a percent of the state total population.

Water use

The populations of the county and of the independent cities of Staunton and Waynesboro
supplied with water by community systems, and the number of other residents of the county who
are self-supplied were obtained for the year 1995 from the USGS (USGS, 1995). The projections
of domestic population supplied by community systems in the future years are based on the
growth trend in population of the independent cities obtained from the Weldon Cooper Center.
System and self-supplied commercial and industrial water uses are forecast to increase in
proportion to system and self-supplied domestic population growth, respectively.

Clarke County, VA

Population

All of Clarke County lies within the non-tidal Potomac River basin near the down stream reaches
of the Shenandoah River. Its relatively small population of approximately 13,500 in the year
2000 is forecast to grow to more than 16,500 by the year 2030.

Water use

The rural nature of the county is indicated by the fact that self-supplied water supplies will
significantly exceed community system supplied water throughout the forecast period (2000 -
2030). Total water use demand is expected to stay below 2 mgd, excluding agricultural use.

Fairfax County, VA

Population

Fairfax County is located in northern Virginia as part of the Washington metropolitan area. The
residents of the county receive their water supply from one of several sources, depending on
where they live. In the year 2000 it is estimated (Hagen and Steiner, 2000, and Desjardin, et al.
1999) that the population of the areas served by the Fairfax County Water Authority (FCWA),
either directly or wholesale through intermediate suppliers (Dulles, Fort Belvoir, Town of
Herndon, Lorton, Virginia American Water Company - Alexandria) is approximately 916,300.
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The population of the county served wholesale through intermediate suppliers by the Washington
Aqueduct Division (WA) of the U.S. Army Corps of Engineers (Falls Church and Vienna) is
approximately 147,000 (Hagen and Steiner, 2000 and Desjardin, et al. 1999). The information
for the areas of the county supplied by FCWA and WA is labeled “metro” in the summary table
for Virginia, Tables A - VA. The remaining population of the county is served by the City of
Fairfax, or is self supplied, with estimated year 2000 populations of 40,000 and 10,900,
respectively. The City of Fairfax and self supplied population data for the period 2000 - 2020
(shown in the Fairfax County Worksheet, Appendix B) was derived from Desjardin, et al. 1999
and digital map overlays. The total population for Fairfax County and independent cities therein
is estimated to be approximately 1,114,200 in the year 2000.

Estimates of population for the year 2020 (from the same sources) are approximately 1,112,300
and 171,200 for FCWA and WA supplied areas, respectively; and 46,600 and 12,700 for the City
of Fairfax and self supplied, respectively. Thus, the total population for Fairfax County and
independent cities therein is estimated to be approximately 1,342,800 in the year 2020.

Interpolation of the estimates for the years 2000 and 2020, results in an estimated population for
Fairfax County of approximately 1,228,500 in the year 2010.

By projecting forecast trends another ten years to 2030, it is estimated that the FCWA and WA
supplied populations will be 1,141,000 and 173,000, respectively; and 47,000 and 13,000 for the
City of Fairfax and self supplied, respectively. Thus, the total population for Fairfax County and
independent cities therein is estimated to be approximately 1,374,000 in the year 2030. These
population data are presented in the summary table for Virginia, Table A - VA.

Water use

The major portion of Fairfax County population is served by public supply systems. Most is
served directly by the Fairfax County Water Authority (FCWA), and by wholesale supplies from
FCWA to the Town of Herndon, Lorton, Fort Belvoir and Dulles Airport. Areas within the
county served by other suppliers include: Alexandria, Falls Church, and the City of Fairfax. All
of the population of the City of Alexandria is served by the Virginia American Water Company -
Alexandria which is a wholesale customer for treated water of the Fairfax County Water
Authority (FCWA). All the population of Falls Church and Vienna is served by wholesale
purchase from the Washington Aqueduct Division of the U.S. Army Corps of Engineers (WA)
with water drawn from the non-tidal Potomac River. The water use and forecast for the FCWA
and WA service areas in the county for the present study to the year 2020 is based upon the
recently completed Year 2000 Twenty-Year Water Demand Forecast and Resource Availability
Analysis for the Washington Metropolitan Area (Hagen and Steiner, 2000). That study
considered detailed population and employee forecasts produced by the Metropolitan
Washington Council of Governments (Desjardin, et al. 1999) and the expected effects of the
Energy Policy Act of 1992 (102D Congress, 1992) on future household consumption. All the
commercial and industrial water use was converted to numbers of employees and water use per
employee in order to use the Council of Governments’ forecasts of employees. The portions of
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Fairfax County which are not served directly or wholesale by FCWA and WA (i.e., not included
in the metropolitan area 20-year forecast study) are the City of Fairfax which has its own surface
supply, and several areas where the population is self supplied by wells. The forecast of demand
for the various service areas in the county for the present study to the year 2030 was developed
by extending the trend established in those areas through the year 2020. In the 30 year period
from 2000 to 2030, the water use demand in Fairfax County is expected to grow by 29.4 mgd,
i.e., from 136.1 mgd to 165.5 mgd. These water use and forecast data are presented in the
summary table for Virginia, Table A - VA.

Fauquier County, VA

Population

Only a very small portion of Fauquier County is located in the non-tidal portion of the Potomac
River basin, west of the Washington metropolitan area. However, its resident population and
their water use are included for the purposes of this study. That area-apportioned population is
estimated to grow from just under 5,000 to just over 6,000 during the forecast period.

Water use
Total water use is estimated to grow from 0.47 mgd to 0.59 mgd, excluding agricultural use.

Frederick County, VA

Population

All of Frederick County lies within the non-tidal Potomac River basin near the down stream end
of the Shenandoah River. More than a third of the population of Frederick County resides in the
independent city of Winchester. The population forecasts for the year 2000 and 2010 for the
county and the City of Winchester were obtained from the Weldon Cooper Center for Public
Service at the University of Virginia. Population forecasts for whole states from 1995 through
2025 were obtained from Population Projections: States: 1995 - 2025 (U.S. Bureau of the
Census, 1997). The 2030 population for the state was estimated by extrapolating the U.S. Bureau
of the Census data. Population figures for the county for the years 2020 and 2030 were developed
for the present study by extending the trend of the county population for the years 2000 and 2010
as a percent of the state total population, resulting in a significant increase from 80,300 to
104,720 over the forecast period.

Water use
Total water use is estimated to grow from 11.0 mgd to 14.3 mgd, excluding agricultural use.

Highland County, VA

Population

Only a very small portion of Highland County is located in the non-tidal portion of the Potomac
River basin at the headwaters of the South Branch Potomac River. The land is high in elevation,
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forested, and sparsely populated. However, its resident population and their water use are
included for the purposes of this study. That area-apportioned population is estimated to grow
only from approximately 500 to 580.

Water use
Total water use is estimated to grow only from 1.09 mgd to 1.17 mgd where industrial use
accounts for a significant portion.

Loudoun County, VA

Population

All of Loudoun County lies within the non-tidal Potomac River basin and is a transition from
urban to rural land uses as distances increase away from the Washington metropolitan area.
Southeastern portions of the county are served by the Loudoun County Sanitation Authority
(LCSA) with wholesale purchases from the Fairfax County Water Authority (FCWA) with water
drawn from the Occoquan Reservoir or the non-tidal Potomac River, and purchases limited to 7
mgd from the City of Fairfax which draws its water from Goose Creek (a tributary to the non-
tidal Potomac River). Estimates of population forecasts to the year 2020 for those areas are from
Hagen and Steiner, 2000; and Desjardin, et al. 1999 and labeled as metropolitan, “metro” in the
water use and forecast summary tables for Virginia (Table A - VA). The remainder of the
county receives water from the Leesburg community system or from self- supplied ground water
sources in the non tidal Potomac River basin. The Leesburg and self supplied population data for
the period 2000 - 2020 (shown in the Loudoun County Worksheet, Appendix B) was derived
from Desjardin, et al. 1999 and digital map overlays.

In the year 2000 it is estimated (Hagen and Steiner, 2000; and Desjardin, et al. 1999) that the
population of the areas served by the LCSA is approximately 94,000. The population of the town
of Leesburg (served by a ground water and/or non-tidal Potomac River system) is estimated to be
29,300. The remaining population of the county is self supplied, with an estimated year 2000
population of 38,800. Thus, the total population of Loudoun County is estimated to be
approximately 162,200 in the year 2000.

Population estimates for the year 2010 for the LCSA, Leesburg, and self supplied sources are
approximately 170,600, 45,200, and 55,900, respectively. Thus, the total population of the
county is estimated to be approximately 271,700 in the year 2010.

Estimates for the year 2020 for the LCSA, Leesburg, and self supplied sources are approximately
247,200, 60,500, and 61,900, respectively. Thus, the total population of the county is estimated
to be approximately 369,600 in the year 2020.

By projecting forecast trends another ten years to 2030, it is estimated that the LCSA, Leesburg,

and self supplied sources are approximately 315,000, 70,000, and 67,000, respectively. Thus, the
total population of the county is estimated to be approximately 452,000 in the year 2030. These
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population data are presented in the summary table for Virginia, Table A - VA.

Water use

The southeastern portion of Loudoun County is served by the Loudoun County Sanitation
Authority (LCSA) which is a wholesale customer of the Fairfax County Water Authority
(FCWA) and the City of Fairfax. The water use and forecast for the LCSA service area in the
county for the present study to the year 2020 is based upon the recently completed Year 2000
Twenty-Year Water Demand Forecast and Resource Availability Analysis for the Washington
Metropolitan Area (Hagen and Steiner, 2000). The metropolitan area 20-year forecast study
considered detailed population and employee forecasts produced by the Metropolitan
Washington Council of Governments (Desjardin, et al. 1999) and the expected effects of the
Energy Policy Act of 1992 (102D Congress, 1992) on future household consumption. All the
commercial and industrial water use was converted to numbers of employees and water use per
employee in order to use the Council of Governments’ forecasts of employees. The forecast of
demand for the portion of Loudoun County supplied by LCSA in the present study to the year
2030 was developed by extending the trend established in the metropolitan area 20-year forecast.
In the 30 year period from 2000 to 2030, the water use demand in the portion of Loudoun County
supplied by LCSA is expected to grow by 23.4 mgd, i.e., from 9.8 mgd to 33.2 mgd. The water
use demand in the portion of Loudoun County that depends on the Leesburg system and that is
self supplied is expected to increase from 6.96 to 14.46 mgd. These water use and forecast data
are presented in the summary table for Virginia, Table A - VA.

Page County, VA

Population

All of Page County lies within the non-tidal Potomac River basin located in the middle reaches
of the Shenandoah River valley. Although there are no officially independent cities in the
county, the population served by community systems is approximately 1.5 times the number of
people who are self supplied. Its total population of approximately 23,690 in the year 2000 is
forecast to grow to 26,680 by the year 2030.

Water use

Total water use for all categories is expected to increase from 2.12 mgd from system-supplied
sources and 1.95 mgd from self-supplied sources to 2.69 mgd and 2.16 mgd, respectively, not
including agricultural use.

Prince William County, VA

Population

Although Prince William County lies in the Potomac River basin, it is entirely down stream of
the non-tidal Potomac. However, much of its population is supplied through wholesale
purchases by the Prince William County Service Authority and the Virginia American Water
Company - Dale City by water from the Fairfax County Water Authority (FCWA) and by the
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cities of Manassas and Manassas Park, which share the Occoquan watershed — a water resource
which is used conjunctively with the non-tidal Potomac River. Therefore, the combined
population of areas served through wholesale suppliers by FCWA will be included in the present
study as they were in the metropolitan area study (Hagen and Steiner, 2000) and indicated as
“metro” in the summary table for Virginia, Table A - VA. The populations of Manassas and
Manassas Park will also be included in the present study in the category of public supply
systems. Data for these cities for the period 2000 - 2020 (shown in the Prince William County
Worksheet, Appendix B) was derived from Desjardin, et al. 1999 and digital map overlays.

In the year 2000 it is estimated that the population of the areas served by the FCWA is 227,300
and that served by Manassas and Manassas Park is approximately 43,200. Thus, the total
population of Prince William County served by sources used in conjunction with the non-tidal
Potomac River is estimated to be approximately 270,500 in the year 2000.

Population estimates for the year 2010 (from the same sources) served by FCWA and Manassas
and Manassas Park are approximately 282,600 and 45,400, respectively. Thus, the total
population of the county served for the purposes of this study is estimated to be approximately
328,000 in the year 2010.

Estimates for the year 2020 (from the same sources) for the FCWA and Manassas and Manassas
Park served populations are approximately 337,900 and 46,000, respectively. Thus, the total
population of the county served for the purposes of this study is estimated to be approximately
383,900 in the year 2020.

By projecting forecast trends another ten years to 2030, it is estimated that the FCWA and
Manassas and Manassas Park served populations will be approximately 388,000 and 46,000,
respectively. There is no self-supplied population in Prince William County drawing water from
the non-tidal portion of the Potomac River basin. Thus, the total population of Prince William
County forecast to be served for the purposes of this study is estimated to be approximately
434,000 in the year 2030. These population data are presented in the summary table for Virginia,
Table A - VA.

Water use

Large portions of the population of Prince William County are served by the Prince William
County Service Authority which is a wholesale customer of the Fairfax County Water Authority
(FCWA). The population of Dale City, within the county, is served by the Virginia American
Water Company - Dale City which is also a wholesale customer for treated water of FCWA and
is included in the forecasts designated as metropolitan, “metro” in the summary table for
Virginia, Table A - VA. Although the vast majority of water supplied is derived from surface
sources, a small amount (2 mgd) is from wells. Although these wells are not located in the non-
tidal portion of the Potomac River basin, they may affect the surface water resource of the
Occoquan Watershed, and thus they are included in the analyses for the present study. The cities
of Manassas and Manassas Park draw their water from Lake Manassas which is situated in the
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watershed which is tributary to the Occoquan Reservoir. The water use and forecast for the
FCWA wholesale service area in the county for the present study to the year 2020 is based upon
the recently completed Year 2000 Twenty-Year Water Demand Forecast and Resource
Availability Analysis for the Washington Metropolitan Area (Hagen and Steiner, 2000). The
metropolitan area 20-year forecast study considered detailed population and employee forecasts
produced by the Metropolitan Washington Council of Governments (Desjardin, et al. 1999) and
the expected effects of the Energy Policy Act of 1992 (102D Congress, 1992) on future
household consumption. All the commercial and industrial water use was converted to numbers
of employees and water use per employee in order to use the Council of Governments’ forecasts
of employees. The forecast of demand for Prince William County in the present study to the year
2030 was developed by extending the trend established in the metropolitan area 20-year forecast.
In the 30 year period from 2000 to 2030, the water use demand in Prince William County is
expected to grow by 18.1 mgd, i.e., from 28.8 mgd to 46.9 mgd (including the demands of the
cities of Manassas and Manassas Park). These water use and forecast data are presented in the
summary table for Virginia, Table A - VA.

Rockingham County, VA

Population

All of Rockingham County lies within the non-tidal Potomac River basin, spanning the middle
Shenandoah River valley from east to west. More than a third of the population of Frederick
County resides in the independent city of Harrisonburg. The population forecasts for the year
2000 and 2010 for the county and the City of Harrisonburg were obtained from the Weldon
Cooper Center for Public Service at the University of Virginia. Population forecasts for whole
states from 1995 through 2025 were obtained from Population Projections: States: 1995 - 2025
(U.S. Bureau of the Census, 1997). The 2030 population for the state was estimated by
extrapolating the U.S. Bureau of the Census data. Population figures for the county for the years
2020 and 2030 were developed for the present study by extending the trend of the county
population for the years 2000 and 2010 as a percent of the state total population, resulting in a
significant increase from 102,190 to 129,690 over the forecast period.

Water use

Due to the relative large present population of the county being served by community systems in
the City of Harrisonburg and other towns, that sector of demand is expected to increase
significantly (13.10 mgd to 17.63 mgd) compared with self-supplied amounts (12.95 mgd to
15.13 mgd), excluding agricultural use. However, large commercial and industrial uses exist in
both system-supplied and self-supplied categories.



Shenandoah County, VA

Population

All of Shenandoah County lies within the non-tidal Potomac River basin located in the middle
reaches of the Shenandoah River valley. The population served by community systems is slightly
more than the number of people who are self supplied. Its total population of approximately
37,600 in the year 2000 is forecast to grow to 47,920 by the year 2030.

Water use

Total water use for all categories is expected to increase from 2.94 mgd from system-supplied
sources and 3.45 mgd from self-supplied sources to 4.01 mgd and 3.98 mgd, respectively, and
excluding agricultural use. Relatively large commercial and industrial uses exist in both system-
supplied and self-supplied categories.

Warren County, VA

Population

All of Warren County lies within the non-tidal Potomac River basin located in the middle
reaches of the Shenandoah River valley. The population served by community systems is slightly

more than the number of people who are self supplied. Its total population of approximately
32,000 in the year 2000 is forecast to grow to 42,740 by the year 2030.

Water use

Total water use for all categories is expected to increase from 2.18 mgd from system-supplied
sources and 1.48 mgd from self-supplied sources to 3.13 mgd and 1.78 mgd, respectively, and
excluding agricultural use. Relatively small commercial and industrial uses exist in both system-
supplied and self-supplied categories.

WEST VIRGINIA

Berkeley County, WV

Population

All of Berkeley County lies within the non-tidal Potomac River basin located in the middle of the
eastern panhandle of the state. The population of the county which is served by community
systems is approximately twice the number of people who are self-supplied. Its total population
of approximately 72,000 in the year 2000 is forecast to grow to 99,730 by the year 2030.

Water use

Total water use for all categories is expected to increase from 13.52 mgd to 18.14 mgd during the
forecast period, excluding agricultural use. Significant industrial uses exist in both system-
supplied and (particularly) self-supplied sectors.



Grant County, WV

Population

All of Grant County lies within the non-tidal Potomac River basin located at the headwaters of
the orth Branch Potomac River. The population of the county which is served by community
systems is more than twice the number of people who are self-supplied. Its total population of
approximately 11,750 in the year 2000 is forecast to grow to 15,180 by the year 2030.

Water use

Total water use for all categories is expected to increase from 6.71 mgd to 8.52 mgd during the
forecast period, excluding agricultural use. Relatively large commercial and industrial uses exist
in the self-supplied sector.

Hampshire County, WV

Population

All of Hampshire County lies within the non-tidal Potomac River basin located at the confluence
of the South Branch and the North Branch rivers. The population served by community systems
is less than half the number of people who are self-supplied. The total population of the county
is expected to increase from approximately 19,600 in the year 2000 to 26,100 by the year 2030.

Water use

Total water use for all categories is expected to increase from 12.49 mgd to 14.47 mgd during the
forecast period, excluding agricultural use. Relatively large industrial uses exist in the self-
supplied sector.

Hardy County, WV

Population

All of Hardy County lies within the non-tidal Potomac River basin located in the middle of the
South Branch Potomac River valley. The population served by community systems
approximately half the number of people who are self supplied. The county’s total population of
approximately 12,100 in the year 2000 is forecast to grow to 14,910 by the year 2030.

Water use

Total water use for all categories is expected to increase from 7.99 mgd to 9.33 mgd during the
forecast period, excluding agricultural use. Relatively large industrial uses exist in the self-
supplied sector.

Jefferson County, WV

Population

All of Jefferson County lies within the non-tidal Potomac River basin located at the eastern tip of
the eastern panhandle and at the confluence of the Shenandoah and Potomac rivers. The

A-21



population served by community systems is expected to grow from being approximately the same
as those who are self-supplied in the year 2000 to 1.5 times the self-supplied by the year 2030.
The county’s total population of approximately 42,120 in the year 2000 is forecast to grow to
55,290 by the year 2030.

Water use

Total water use for all categories is expected to increase from 8.60 mgd to 10.45 mgd during the
forecast period, excluding agricultural use. Relatively large commercial and industrial uses exist
in the self-supplied sector.

Mineral County, WV

Population

All of Mineral County lies within the non-tidal Potomac River basin located adjacent to the
North Branch Potomac River. The population served by community systems is approximately
twice the number of people who are self supplied. The county’s total population of
approximately 27,810 in the year 2000 is forecast to grow to 31,860 by the year 2030.

Water use

Total water use for all categories is expected to increase from 3.17 mgd to 3.50 mgd during the
forecast period, excluding agricultural use. Relatively small commercial and industrial uses exist
in both system-supplied and self-supplied sectors.

Morgan County, WV

Population

All of Morgan County lies within the non-tidal Potomac River basin located adjacent to the
Potomac River, just down stream of the confluence of the North Branch and South Branch rivers.
The population served by community systems is only approximately one third to one half the
number of people who are self supplied. The county’s total population of approximately 13,970
in the year 2000 is forecast to grow to 17,910 by the year 2030.

Water use

Total water use for all categories is expected to increase from 2.56 mgd to 2.97 mgd during the
forecast period, excluding agricultural use. Relatively small commercial and industrial uses exist
in both system-supplied and self-supplied sectors.

Pendleton County, WV

Population

All of Berkeley County lies within the non-tidal Potomac River basin located at the headwaters
of the South Branch Potomac River. The population served by community systems
approximately one half the number of people who are self supplied. The county’s total
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population of approximately 8,200 in the year 2000 is forecast to grow to 9,380 by the year 2030.

Water use

Total water use for all categories is expected to increase from 2.54 mgd to 2.71 mgd during the
forecast period, excluding agricultural use. Relatively small commercial and industrial uses exist
in both system-supplied and self-supplied categories.



Appendix E. Effects of the Energy Policy Act of 1992 on
projected WMA water use.

Typical water use inside the home

The American Water Works Association (AWWA), in a cooperative project with
EPA and the Bureau of Reclamation, maintains the WaterWiser website, which is a
source of a vast array of water efficiency references, books, surveys, and other
information. The WaterWiser website reports typical water use inside the home. The
typical resident of a single family home with no conservation measures installed
consumes 72.5 gallons of water per day (Figure E-1). This figure represents indoor use
only and does not include outdoor use. AWWA reports that the highest uses of water in
the home are for toilet flushing at 20.1 gallons per capita per day (gpcpd), clothes
washers at 15.1 gpcpd, and showers at 12.6 gpcpd. These three water uses comprise a
total of 66% of the water used in the home.

Clothes Washers
15.1 gpcpd, 20.9%

Showers
12.6 gpcpd, 17.3%

Faucets
11.1 gpepd, 15.3%

Leaks
10.0 gpcpd, 13.8%

Toilets
20.1 gpcpd, 27.7%

Other domestic
1.5 gpcpd, 1.6%

Dishwashers Baths
1.0 gpcpd, 1.3% 1.2 gpcpd, 1.6%

Figure E-1: Typical per capita water use inside the single family home, without
conservation measures (source: American Water Works Association “WaterWiser”)

Assessing the effects of the Energy Policy Act of 1992 — low flush toilets

The Energy Policy Act requires that all showerheads and toilets manufactured in
the US after January 1, 1994 conform to specified flow efficiency standards. Assessing
the impact of these standards on future per household water use is vital for assessing
2020 demands. The American Water Works Association Research Foundation's
(AWWAREF) Residential End Uses of Water study is a comprehensive source of
information to determine the effects of the Energy Policy Act. This study provides
specific data on the end uses of water in the home from a representative sample of



residential homes and is the most comprehensive ever undertaken for assessing indoor
water uses (Mayer et al., 1997). Flow measurements from 1,188 homes in North
America were taken from 12 study sites and 14 utilities around the country during the
period May, 1996 through March, 1998. The homes were chosen using random sampling
of billing databases. Two weeks of data was collected during each of the summer and
winter periods. Water meter readings were recorded in 10-second intervals using
electronic data loggers. The recorded timing and flow rates of all water-using events
were analyzed in detail, so as to permit identification and classification of water using
events (Mayer et al. 1999). Over 1.9 million end use events were identified and
segregated.

The water savings from installation of ultra low flush (ULF) toilets due to
remodeling and from new construction for the period 2000 through 2020 was estimated
for the WMA based on the results of the AWWARF study. It was assumed that the toilet
replacement rate and flushing rates in multi-family homes in the WMA followed the
same model as that for the single family homes.

AWWAREF study results were used to determine the per household toilet water
use in houses with and without low flush toilets. The mean toilet flush volume for the
entire AWWAREF study group was 3.48 gpf. Approximately 13.9% of flushes were with
volumes per flush of less than two gallons, averaging 1.63 gallons per flush
(Dziegielewski et al., 1999). The average volume per flush on the remaining 86.1 percent
of flushes was calculated to be 3.78 gallons per flush. Newer, post-1994 housing stock
and housing stock with remodeled bathrooms in the WMA were assumed to have a water
use of 1.63 gallon per flush. Older, pre-1994 housing stock in the WMA was assumed to
have a water use of 3.78 gallon per flush.

The average number of flush counts per household per day was 12.4 in the
AWWAREF study. The WMA household average size is smaller than the average
household size of the 12 study sites in the AWWAREF study, which means the WMA
average number of flush counts per household will be different than that of the
AWWAREF study and should be adjusted. The average number of residents per
household for the AWWARF study group was 2.71. In 1998, the WMA CO-OP utilities
served a population of 3,628,513 people living in 1,393,791 single family and multi-
family households, for a total of 2.60 people per household. (Approximately 62% of the
total homes in the WMA CO-OP service area are single family dwellings with the
remainder multi-family dwellings.) The average number of toilet flushes per household in
the WMA was therefore assumed to be the ratio of 2.6 over 2.71 times 12.4, or 11.9
flushes per household per day.

The net toilet use is calculated as average number of flush counts times the mean
toilet flush volume. The water demand for toilet flushing in pre-1994 housing stock in
the WMA was assumed to be 11.9 flushes times 3.78 gpf, for a total water use of 45.0
gallons per household. The water demand for toilet flushing in houses with remodeled
bathrooms and in housing stock built after 1994 was assumed to be 11.9 flushes times
1.63 gpf, for a total water use of 19.4 gallons per household.



The hypothesis that low flush toilets are susceptible to double flushing (and lower
water savings) was debunked in the AWWARF study. The average number of flushes
per capita per day for the ULF homes and non-ULF homes in the study were not
statistically different, indicating that residents of homes which exclusively use ULF
toilets are not flushing more frequently than residents of homes without any ULF toilets.
(Mayer et al., 1999)

An estimate was made of the number of WMA households in the CO-OP service
area that have low flush toilets already in place by the year 2000. Two key assumptions
were made: 1) that all houses built after 1994 incorporate ULF toilets, and 2) that 2% of
the original 1994 housing stock in the WMA CO-OP service area is remodeled each year
with ULF toilets. Table E-1 shows the calculation of the percentage of housing with low
flow toilets in the CO-OP service area. The percentage of housing stock in the WMA
with low flush toilets was estimated to be 17% at the end of 1999 and 67% at the end of
2020.

Table E-1: Percentage of housing with low-flow toilets in the CO-OP service area

Year Portion of  Portion of Total New Total Total housing Percenta
original 1994 original 1994 number of households number of stock in CO- ge of
housing housing stock 1994 with low households OP service total
stock with  remodeled original flush toilets with low area. housing
remodeled  with low flush housing installed per flush toilets stock
toilets (begin toilets per stock with  year® (end of with low
of year) year low flush year) flush

toilets (end toilets
of year) (end of
year)

1990 0 0 0 0 0 1,260,800

1991 0 0 0 0 0 1,274,099

1992 0 0 0 0 0 1,287,398

1993 0 0 0 0 0 1,300,697 0%

1994 0 26,280 26,280 13,299 39,579 1,313,996 3%

1995 26,280 26,280 52,560 13,299 79,158 1,327,296 6%

1996 52,560 26,280 78,840 13,299 118,737 1,340,595 9%

1997 78,840 26,280 105,120 13,299 158,316 1,353,894 12%

1998 105,120 26,280 131,400 13,299 197,895 1,367,193 14%

1999 131,400 26,280 157,680 13,299 237,474 1,380,492 17%

2000 157,680 26,280 183,960 18,662 282,416 1,393,791 20%

2001 183,960 26,280 210,239 18,662 327,359 1,412,453 23%

2002 210,239 26,280 236,519 18,662 372,301 1,431,116 26%

2003 236,519 26,280 262,799 18,662 417,243 1,449,778 29%

2004 262,799 26,280 289,079 18,662 462,185 1,468,440 31%

2005 289,079 26,280 315,359 18,662 507,127 1,487,102 34%

! The assumption was made that the toilet replacement rate in existing housing stock would be 2 percent per year. This replacement
rate really amounts to little more than a reasonable guess, as precise data documenting replacement rates of toilets in existing housing
stock is hard to get for a particular area. Presumably, the replacement rate would be a function of the age of existing housing stock.
However, a professional in the conservation field suggests that this value is probably quite reasonable (Bill Davis, Planning and
Management Consultants, personal communication, February 9, 2000).
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Year Portion of Portion of Total New Total Total housing Percenta
original 1994 original 1994 number of households number of stock in CO- ge of

housing housing stock 1994 with low households OP service total
stock with  remodeled original flush toilets with low area. housing
remodeled  with low flush housing installed per flush toilets stock
toilets (begin toilets per stock with  year® (end of with low
of year) year low flush year) flush
toilets (end toilets
of year) (end of
year)
2006 315,359 26,280 341,639 18,662 552,069 1,505,764 37%
2007 341,639 26,280 367,919 18,662 597,011 1,524,427 39%
2008 367,919 26,280 394,199 18,662 641,953 1,543,089 42%
2009 394,199 26,280 420,479 18,662 686,895 1,561,751 44%
2010 420,479 26,280 446,759 18,662 731,838 1,580,413 46%
2011 446,759 26,280 473,039 18,662 776,780 1,599,075 49%
2012 473,039 26,280 499,319 18,662 821,722 1,617,737 51%
2013 499,319 26,280 525,599 18,662 866,664 1,636,400 53%
2014 525,599 26,280 551,879 18,662 911,606 1,655,062 55%
2015 551,879 26,280 578,158 18,662 956,548 1,673,724 57%
2016 578,158 26,280 604,438 18,662 1,001,490 1,692,386 59%
2017 604,438 26,280 630,718 18,662 1,046,432 1,711,048 61%
2018 630,718 26,280 656,998 18,662 1,091,375 1,729,711 63%
2019 656,998 26,280 683,278 18,662 1,136,317 1,748,373 65%
2020 683,278 26,280 709,558 18,662 1,181,259 1,767,035 67%

Note: ® The number of new houses estimated for the WMA CO-OP service area using figures from the
1995 water demand study (Mullusky et al., 1996) and from data compiled for the current study.

Using the information provided in Table E-1, the average water demand per
household for toilet flushing of all housing stock in the WMA can be calculated assuming
a rate of 45.0 gallons per household without low flush toilets and 19.4 gallons per
household for those households with low-flush toilets. The overall average WMA water
demand per household for toilet flushing in the year 2000 is thus calculated to be 40.1
gallons per household. The overall average per household water demand for toilet
flushing of all housing stock in the WMA in the year 2020 is calculated to be 27.9 gallons
per household. Table E-2 summarizes the expected overall per household average water
demand in the WMA for toilet flushing for the period 2000 to 2020.

Table E-2: Per household WMA water use for flushing, 2000-2020

Year Number of households Total households Percentage of total Per household WMA
with low flush toilets in households with low water use for
use, mid-year flush toilets in use, flushing, gallons
mid-year
2000 259,945 1,393,791 18.7% 40.1
2005 484,656 1,487,102 32.6% 36.5
2010 709,367 1,580,413 44.9% 33.3
2015 934,077 1,673,724 55.8% 30.4
2020 1,158,788 1,767,035 65.6% 27.9




Assessing the effects of the Energy Policy Act of 1992 — low flow
showerheads

The potential water savings from converting showerheads in existing housing
stock to low-flow showerheads can also be calculated from the data collected in the
AWWAREF study. Average daily use for showering was measured at 30.8 gallons per
household (Dziegielewski et al., 1999). The average daily frequency of showering was
1.80 showers per household per day, or 0.7 showers per person per day. Average
duration of showers was 7.95 minutes, with an average flow of 2.19 gallons per minute.
Nearly three-fourths of the study’s showering events were already at rates less than the
standard of 2.5 gpm established by the Federal Energy Policy act. The authors conclude
that the saturation of low-flow showerheads is relatively high and that often showers are
throttled below their maximum rated flows (Dziegielewski et al., 1999).

Nonetheless, the potential savings for the WMA can be calculated on a per
household basis. The WMA is assumed to have approximately the same distribution of
showerhead flow rates as the cities in the AWWARF study. Table E-3 shows the
potential savings by replacing all non-compliant showerheads with 2.5 gpm showerheads
by the year 2020. (A 100% rate of retrofit and remodeling is assumed for non-compliant,
older showerheads.) The resulting calculation shows that the current average daily use
for showering is about 31.1 gallons per household per day, as compared to a predicted
2020 use of 27.6 gallons per household per day.

Table E-3: Calculation of current and future water use for showering as based on
effects of Energy Policy Act of 1992

Current (2000) scenario 2020 scenario

Shower flow Shower flow

used for Percentof all Water use |used for Water used

calculation  showering normalized |calculation Percent of normalized
Shower flow |purposes events to purposes all to
range (gallons |(gallons per (Dziegielewski household [(gallons per showering household
per minute) minute) et al., 1999) (gallons)  [minute) events (gallons)
0.5 or less 0.5 0.9 0.1 0.5 0.9 0.1
05to1 0.75 4.8 0.5 0.75 4.8 0.5
1tol1l.5 1.25 16.2 2.9 1.25 16.2 2.9
15t02 1.75 28.7 7.2 1.75 28.7 7.2
2t0 2.5 2.25 22 7.1 2.25 22 7.1
25t03 2.75 11.2 4.4 25 27.4 9.8
3t03.5 3.25 6.4 3.0 0 0 0.0
35t04 3.75 4.3 2.3 0 0 0.0
4t04.5 4.25 2.4 15 0 0 0.0
45t05 4.75 15 1.0 0 0 0.0
More than 5.0 5.25 1.6 1.2 0 0 0.0
Total per household average water use 31.1 27.6



Total water savings in the WMA

To summarize, the effects of the Energy Policy Act of 1992 (102D Congress) are
estimated as follows for application in the 2020 WMA and are based on AWWARF’s
Residential End Uses of Water study. The current average daily use for toilet flushing
was calculated as 40.1 gallons per household per day, as compared to a predicted 2020
use of 27.9 gallons per household per day for a net reduction of 12.2 gallons per
household per day. The current average daily use for showering was calculated as 31.1
gallons per household per day, as compared to a predicted 2020 use of 27.6 gallons per
household per day for a net reduction of 3.5 gallons per household per day. The total
per household reduction in demand due to showerhead and toilet retrofitting is thus
expected to drop by 12.2 + 3.5 = 15.7 gallons per household per day.
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Appendix F: Chesapeake Bay Program population estimates by
HUC - method

The following summary provides an overview of the method by which the Chesapeake Bay
Program developed an estimate of population forecast by HUC. The summary can also be found
on the Chesapeake Bay Program website at http://www.chesapeakebay.net/info/method.htm.

Population Estimates & Projections - Methodology
POPULATION ESTIMATE DATA

The Bureau of the Census provides annual population estimates based on the 1990 U.S. Census
for 1990 to 1995. The results of the projections are published on the Census Bureau's World
Wide Web home page (http://www.census.gov/). The annual estimates are produced in
conjunction with the Federal-State Cooperative Program for Population Estimates, and are
aggregated by county for each state in the Chesapeake Bay watershed. Documentation and
methodology on the Census population estimate data is attached at the end of this report.

POPULATION PROJECTION DATA
All states in the Chesapeake Bay watershed, with the exception of Pennsylvania, used a

cohort-component methodology for projecting their state population by county. The methods are
similar, but not identical. For example, Virginia projects population in ten year intervals, rather
than five. The Virginia data was manipulated to yield five year increments by using a linear
interpolation technique. The formulas used to calculate the 2005 & 2015 population were:

Population 2005 = (Population 2000 + Population 2010) / 2
Population 2015 = (Population 2010 + Population 2020) / 2

In addition, New York's projections are based on the 1980 U.S. Census, rather than the 1990
Census. Also, New York's projections stop at projection year 2010. The New York data was
extrapolated to 2015 and 2020 using linear extrapolation formulas:

Population 2015 = Population 2010 + (Population 2010 - Population 2005) and
Population 2020 = Population 2015 + (Population 2015 - Population 2010)

West Virginia uses two series to model two scenarios. Series A "indicate that West Virginia's
population decline has almost bottomed out," and that "The population level will be stable over
the next 30 years at the present level of 1.8 million people" (Isserman, et. al., 1992). Series M
considers the most recent migration rates which "have severe implications for the future of West
Virginia" (Isserman, et. al., 1992). For the purposes of projecting populations within the
Chesapeake Bay watershed, the most recent migration trend in West Virginia has been towards
migration into the Bay watershed. The series M scenario produces slightly higher population
numbers for the West Virginia portion of the watershed due to the recent migration trend towards



Bay watershed counties. For that reason, the series M projections were chosen for estimating the
West Virginia portion of the watershed.

METHODOLOGY FOR COUNTY & STATE PROJECTIONS

Once the Census Bureau estimates and state projections were assembled, a database was
constructed containing the 1990 - 1995 population estimates from the Census Bureau and the
2000, 2005, 2010, 2015, and 2020 population projections from the states agencies.

Next, the percentage of each county within the Chesapeake Bay watershed was determined.
Previous efforts at compiling population for the basin focused on the percentage of county area
within the Chesapeake Bay. For example, the assumption was made that, if 25 percent of the
counties area was in the basin, then 25 percent of the counties population was in the basin.
While this method provided a general idea of population within the basin, it did not account for
the distribution of the population within each county.

A new approach, using 1990 block centroids, was developed to get a better handle on the
county-based population distribution. Census blocks are the smallest area for which the Census
Bureau regularly collects population data. Using nearly 300,000 census block centroids for the
watershed, an accurate estimate of the population living in the watershed was obtained for each
county. In other words, for each county, the total population, as well as an accurate estimate of
county population within the basin was known.

From this data, the percentage of each counties population living within the Chesapeake Bay
watershed was determined. For example, the 1990 Census population of New Castle county
Delaware was 441,946, using detailed block centroids, the population living within the watershed
was estimated at 3,902. The percentage of 1990 New Castle county population living in the
watershed was 0.88%. (Using the area-based method, the results would have been quite
misleading: 14.5% of New Castle county's area is in the watershed, 14.5% of the 1990
population would have estimated 64,082 of New Castle's residents living in the watershed).

Next, the assumption was made that the population within each county will grow
homogeneously, and that the ratio of county residents in the watershed to the total county
population would remain constant. Following this assumption, the percentage of each county's
1990 population living in the watershed would remain the same. Having the population
estimates and projections for each county to 2020 allowed for calculation of the population per
county in the watershed. In the New Castle county example, the 2000 population was projected
to be 490,665, of which 4,329, or 0.883%, were assumed to be living in the Chesapeake Bay
watershed.

The percentage of population living in the watershed was determined for each county with
residents in the Chesapeake Bay watershed. These percentages were applied to the Census-based
population estimates for 1990 - 1995, as well as the 2000, 2005, 2010, 2015, and 2020
state-based population projections.



The results of the county-based analysis were summed to determine the estimated population in
the Chesapeake Bay watershed by state.

METHODOLOGY FOR MODELING SEGMENT PROJECTIONS

A process similar to the method used to determine the watershed population was used to
calculate population estimates by modeling segment. Each modeling segment was treated as a
separate entity, and the percentage of each county within the modeling segment was determined.
The Census block centroids were used to determine an accurate 1990 population by county
within the modeling segment. This population was compared to the total county population, and
a ratio of segment population by county to total population by county was developed for the
modeling segment. These ratios were then applied to the 1991 - 1995 Census-based population
estimates, as well as the 2000, 2005, 2010, 2015, and 2020 state-based population projections to
determine the segment population in each of those years.

In addition to the population estimates & projections required for the state & county analysis, the
modeling effort required a back projection to 1985 so that it would be compatible with 1985 land
cover data. To accomplish this, the 1980 Census population figures by county were used. The
1980 population by modeling segment was calculated using the same percentage used for the
projections. From the 1980 and 1990 population by modeling segment data, the 1985 population
by modeling segment was calculated using the following formula:

Population 1985 = (Population 1980 + Population 1990) / 2
For more information, contact the Chesapeake Bay Program Office, 410 Severn

Avenue, Suite 109, Annapolis, MD 21403, Tel: (800) YOUR-BAY, Fax: (410)
267-57717.
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Appendix H: Calculation of domestic consumptive water use for the Potomac
River basin

Summary

Estimates of current and future domestic consumptive water use for the Potomac River basin
were made based on population forecasts and as extrapolated from single family water use data
for the Washington metropolitan area (WMA).

The WMA single family outdoor water use was calculated for a drought year and was based on a
series of conservative assumptions that erred on the side of larger estimates of outdoor water use.
For example, all single family domestic outdoor water use was assumed to be consumptive.
Outdoor water use data were obtained for a hot, dry year (1999). The calculated outdoor water
use for the WMA was compared to values obtained from the literature and found to be similar or
slightly higher than measurements of outdoor single family water use for nearby and mid-
Atlantic study cities and for cities with non-arid climates (Mayer et al., 1999, Linaweaver et al.
1966). The single family outdoor use based on the WMA was applied to forecasts of the number
of households in the basin to calculate forecasts of domestic outdoor water use by month.

The average annual domestic consumptive water use estimated for the basin was compared to the
basin’s domestic consumptive water use as derived from USGS Water Use Data (USGS, 1998).
The USGS-based estimate was approximately 40 percent of the value of the domestic
consumptive use as calculated based on the WMA outdoor single family water use.

Calculation of single family outdoor (consumptive) use, Washington metropolitan area

Daily water use data for the Washington metropolitan area (WMA) are available from the Year
2000 Twenty-Year Water Demand Forecast and Resource Availability Analysis for the
Washington Metropolitan Area (2020 Study) (Hagen and Steiner, 2000). The WMA comprises a
served population of approximately 3.6 million residents. Water use data from the 2020 Study

were used in the present study to develop estimates of single family outdoor water use in the
WMA.

The 2020 Study included data from which estimates could be made of the single family, multi-
family, and employee water uses in the WMA as shown in Table H-1. The single-family water
use in the WMA accounted for 45.2 percent of the total water used by the three categories
followed by multi-family use at 27.8 percent and employee water use at 27 percent. Total
unaccounted water was distributed according to these percentage among the three categories to
determine total average annual water use by category, including unaccounted water, as presented

H-2



in the last column of Table H-1.

Table H-1: Year 2000 estimated annual WMA water use by user category

Year 2000 Percentage of Year 2000 total
calculated water use to total (|water use by
water use, by category, category,
mgd including including
unaccounted water Junaccounted
water,mgd
Single-family use 176.5 45.2% 216.6
Multi-family use 108.4 27.8% 133.0
Employee water use 105.3 27.0% 129.2
Unaccounted water 88.7 NA NA

Net single family water use for the WMA during the drought year of 1999 was determined on a
daily basis by the following method. Estimated total water use for employee and multi-family
water use categories (133.0 and 129.2 mgd, respectively) was subtracted from actual 1999 daily
production data to determine a net single-family water use for each day. This calculation
assumes that multi-family and employee water use remains constant throughout the year. This
assumption is conservative in that it assumes all of the seasonal increase in water production for
the WMA is attributed to the single family category. Figure H-1 shows the resulting calculated
single family water use for the WMA, where outdoor water use varies considerably, with water

use peaking in the summer months of June and July.
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Figure H-1: Calculated WMA single family water use, 1999
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The American Water Works Association Research Foundation's (AWWAREF’s) Residential End
Uses of Water (End Use Study; Mayer et al., 1999) confirms that residential domestic indoor
water use does not change significantly from summer to winter. If it is assumed that outdoor
water use in the winter months is minimal, the difference in wintertime and summertime water
use is a fair measure of total outdoor water use. For the Potomac basin, the assumption that
wintertime water use contains little or no outdoor component is probably a reasonable
approximation because the area does not have a hot or dry winter climate. An average of the
lowest month’s water use is thus a fair approximation of indoor water use for the single family
category in the WMA. In 1999, the lowest month occurred in February. The February average
single family use for the WMA extended throughout the calendar year is shown in Figure H-1.

The total WMA indoor and outdoor single family water use per household was calculated as
follows. Any water use higher than the February average water use was assumed to be due to
outdoor uses. Outdoor water use was calculated for each day in 1999. Total outdoor water use
for 1999 was thus calculated to be 20.0 billion gallons for the single family households in the
metro region. The indoor use was 62.6 billion gallons. Given a total number of single family
households of 880,000 in the metro area, the net per household indoor and outdoor water use was
calculated. The total outdoor water use for single family households was approximately 22.7
thousand gallons per home for 1999, with an indoor use in 1999 of approximately 71.1 thousand
gallons per home.

Note that mandatory water restrictions were implemented on August 11, 1999 for the Maryland
portion of the WMA. Maryland comprises approximately 35 percent of the total WMA water
demand. The mandatory water restrictions were called late in the drought and were followed in
late August with extensive hurricane related precipitation which effectively ended the drought.
Because the mandatory water restrictions would only have been in place for approximately two
weeks of the hot and dry period, and because they only affected about 35 percent of the study
area, the mandatory water restrictions were assumed to have a negligible effect on the total of the
WMA outdoor water demands.

Comparison to values from literature

Residential End Uses of Water

The AWWAREF End Use Study is a recent source of information on the end uses of water in the
home. The End Use Study is the most comprehensive ever undertaken for assessing U.S. indoor
water uses by single family households (Mayer et al., 1999). Flow measurements from 1,188
homes in North America were taken from 12 study sites and 14 utilities around the country
during the period May, 1996 through March, 1998. The recorded timing and flow rates of all
water-using events were analyzed in detail, so as to permit identification and classification of
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each water using event such as toilet flushing, laundry washing, or outdoor irrigation. Over 1.9
million end use events were identified and segregated.

The End Use Study confirms a well established relationship between climate and outdoor water
use. Predictably, the highest percentages of outdoor water use occurred in hot, dry climates. For
example, the outdoor water use in Phoenix, AZ accounted for 70 percent of the total annual water
use per single family home. In contrast, outdoor water use in Cambridge, Ontario (near Detroit,
MI) accounted for 9.9 percent of the total annual water use per single family home. Other factors
can influence single family water outdoor use including lot size, family income, water price,
irrigation method, landscape type, landscape quality, swimming pools, and non-irrigation outdoor
water uses. Unfortunately, the study sites in the End Use Study did not include a location in the
mid-Atlantic area, so there were no data for outdoor domestic water use directly applicable to the
Potomac River basin.

Residential Water Use Research Project reports

A five year long study of residential water use was conducted at the Johns Hopkins University
sponsored by the (then) Federal Housing Administration in the early sixties. It was a national
study, using data from several dozen selected residential areas. A landmark paper, Howe and
Linaweaver (1967) was published, but this paper does not develop Middle Atlantic or Northeast
models, instead dividing the data east and west of the 100" meridian. A table from one of the
study reports, the Residential Water Use , Report V, Phase 2 (Linaweaver et al. 1966) was
provided by a member of the present study’s Technical Advisory Committee, yielding some data
for residential indoor and outdoor water use in the mid-Atlantic region. Some caution should be
used in application of these data, since 1) data for the study were collected in 1963, and 2) the
study areas are not typical of present-day conditions, as they were newly built suburbs with very
high irrigation loads consistent with establishing newly planted lawns and shrubs. The study
focus was on outdoor water use and its relationship to lot size. (As expected, outdoor water use
was strongly correlated to lot size.) The outdoor water use varied from 8 to 39 percent of the
annual average domestic use, with the larger outdoor water use percentage correlating to larger
lot sizes.

Table H-2 shows how these calculated values compare to measured water consumption for the 14
study sites from the AWWAREF’s End Use Study and to the measured water consumption of the
four study sites presented in one of the Linaweaver reports (1967). Note that the WMA values
are calculated for a drought year.

Table H-2 shows that the WMA has about the same indoor water use as the sites profiled in the
End Use Study, and has an outdoor water use that is similar to Tampa, Seattle, and two sites in
Ontario. As might be expected, the outdoor water use for more arid regions in Denver,
California and Arizona was higher than the outdoor water use in the WMA.
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Table H-2: Annual indoor, outdoor, and total single family home residential use for the WMA as
compared to other sites.

Location Outdoor Indoor Annual Total Annual |Outdoor use,
Annual Use |Use (kgal/lhome) |Use percentage
(kgal/lhome) (kgal/lhome) |of total
Results calculated by ICPRB, drought year
Washington metropolitan area | 22.7] 71.1] 93.8] 24%
Data from AWWARF End Use Study
Waterloo, Ontario 7.8 67.7 75.5 10%
Cambridge, Ontario 7.8 71.2 79 10%
Tampa, FI 30.5 56.1 86.6 35%
Lompoc, CA 43.5 62.1 105.6 41%
Seattle, WA 21.7 54.1 75.8 29%
Eugene, OR 48.8 65.1 113.9 43%
Denver, CO 104.7 61.9 166.6 63%
Walnut Valley, CA 114.8 76.3 191.1 60%
Boulder, CO 73.6 54.4 128 58%
Tempe, AZ 100.3 65.2 165.5 61%
Las Virgenes, CA 213.2 70.9 2841 75%
Scottsdale, AZ 156.5 60.1 216.6 72%
Phoenix, AZ 161.9 70.8 232.7 70%
San Diego, CA 99.3 55.3 154.6 64%
Data from Linaweaver study
Donnybrook Apts. (net lot size, 1,100 ft"2) 4.4 52.6 56.94 8%
Country Club Park (net lot size 7,000 ft"2) 14.6 68.3 82.9 18%
Pine Valley (net lot size, 7,600 square feet) 17.9 78.1 96.0 19%
Hampton (net lot size, 28,000 square feet) 47.5 73.7 121.2 39%

The Country Club Park and Pine Valley sites profiled in the Linaweaver study are the two sites
with lot sizes most closely approximating typical lot sizes in a metropolitan area at 7,000 square
feet. The outdoor water use value calculated for the WMA is slightly higher than that calculated
for these two sites. This was an unexpected result, given that the Linaweaver study sites were
located in newly developed suburbs and one might have expected a higher per household water
use because of a higher irrigation demand for new landscaping. However, the higher WMA water
use than that of the Country Club Park and Pine Valley sites may be due to the fact that the
WMA outdoor water use was calculated for a drought year. The outdoor use calculated for the
WMA is significantly higher than the Donnybrook site, with its small lot sizes averaging only
1,100 square feet. The Hampton outdoor water use was significantly higher than the WMA
outdoor water use, but the average lot size at the Hampton site, at 28,000 square feet, was much
bigger than typical metropolitan lot sizes.

The WMA single family outdoor water use was based on a series of conservative assumptions
that erred on the side of larger estimates of outdoor water use. The calculated outdoor water use
for the WMA was similar to or slightly higher than measurements of outdoor single family water
use for nearby mid-Atlantic study cities and for cities with non-arid climates, which is consistent
with the WMA outdoor single family water use being calculated using data from a drought year.
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Calculation of 1999 domestic consumptive use, Potomac basin

Estimates of 1999 domestic consumptive water use for the Potomac basin were made based on
household (population) forecasts and extrapolated from single family water use data for the
Washington metropolitan area (WMA).

The conservative assumption was made that no single family outdoor water use would be
returned to the river and was thus considered entirely consumptive. All outdoor water use was
assumed to be lost to evapotranspiration.

The outdoor water use calculated for the WMA was assumed to apply to all households
throughout the Potomac basin. This assumption may not be ideal, given differences in
demographic and household characteristics between the metro area and the more rural areas of
the basin. Future study to examine the validity of this assumption might involve a site specific
study to develop single family outdoor water use data for individual homes and one or more of
the smaller towns in the basin, preferably using data for a recent drought year.

The monthly variation in consumptive demand was considered adequate for the purpose of the
present study, but no consideration was given to peak daily or peak weekly consumptive
demands. For a resource evaluation at the smaller subwatershed scale, this assumption may not
be most appropriate. This scale is more appropriate in a resource analysis for cumulative
consumptive demand through the basin, and is best for cumulative demand at the basin scale.
Differences in the timing of peak daily or weekly consumptive demands for different
jurisdictions will be offsetting in a downstream direction through the basin, given differences in
basin wide travel times. Additionally, a resource analysis at the basin wide scale includes
consideration of river augmentation from upstream reservoirs. Peak daily or weekly demands are
essentially insignificant in comparison to the long term (monthly) consumptive demand, because
peak daily or weekly demands can be met with short-term reservoir releases. At the broader
basin scale, monthly variation in consumptive demand is appropriate.

The number of single family households in the Potomac basin, not including the WMA, was
estimated using geographic information system (GIS) ArcView™ tools to aggregate US Census
Bureau household information by census tract. Housing estimates were obtained for 1990.
Census updates of population for 1999 were obtained. The ratio of 1999 to 1990 population was
multiplied by the number of 1990 households to develop estimates of 1999 households.

Table H-3 shows the number of single family households estimated in the Potomac basin
upstream of the WMA, and does not include those households served by the major metropolitan
area water suppliers. Note that single family attached dwellings (townhouses) were counted in
the single family household category in Table H-3. The table also presents the number of
apartment units and mobile homes in the basin.
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Table H-3: 1999 households in the Potomac basin by state, excluding the WMA

Single Apartment [Mobile
family household  |homes
households [units
Virginia 138,114 27,343 13,436
West Virginia 65,118 9,013 17,308
Pennsylvania 46,571 8,703 7,829
Maryland 131,009 33,078 6,568
Totals 380,812 78,137 45,141

Source: US Census

Outdoor water use for the apartment and mobile home categories was assumed to be
approximately 20 percent of the single family use. The 20 percent value was the ratio of the
average annual Donnybrook Apartments outdoor water use (Linaweaver et al. 1966) to that of the
average annual single family water WMA outdoor water use. The comparison is not perfect
because of the age of the Linaweaver study, the high irrigation loads of the newly developed
Linaweaver subject area, and the WMA outdoor use was calculated for a drought year but not in
the Linaweaver study. Further work could examine actual water use for the apartment and
mobile home categories of dwellings in the basin to determine the accuracy of this assumption.
However, the total numbers of these two categories of dwellings is only 24 percent of the total
households in the basin, so changes in the per unit water use estimate for these category of
dwellings will likely have a relatively smaller impact on changes in the estimate of consumptive
water use.

The calculated WMA single family outdoor water use is summarized by month in terms of
average gallons per household per day as shown in column 2 of Table H-4. Monthly per
household water use was multiplied by the number of single family households in the basin to
yield an estimate of the basin’s single family outdoor water use in each month (column 3).
Monthly single family outdoor water use, adjusted by a factor of 0.2, was multiplied by the
number of apartment and mobile homes in the basin to yield an estimate of the basin’s apartment
and mobile home outdoor water use in each month (column 4). The calculated total 1999
domestic outdoor water use for the basin is shown in the last column of Table H-4.



Table H-4: Calculated 1999 Potomac basin consumptive domestic water use

1999 WMA single [Basin single family (Basin apartment and [Total 1999 domestic
family outdoor outdoor use, mobile home outdoor water use
water use, gallons  [millions of gallons [outdoor water use, |for basin, millions
per household per  |per day (a) millions gallons per |of gallons per day
day day (a) (a,c)
January 7.2(b) 2(b) 0 2(b)
February 5.9 2 0 2
March 9.5 4 0 4
April 18.3 7 0 7
May 94.7 36 2 38
June 169.0 64 4 69
July 196.9 75 5 80
August 123.3 47 3 50
September 47.4 18 1 19
October 23.7 9 | 10
[November 13.6 5 0
ecember 7.2 3 0

Notes:

(a) Basin demand is calculated for those households upstream of Little Falls excluding the WMA
(b) January value adjusted to represent assumed effect of water main breakage.

(¢) Totals may not appear correct due to rounding errors

Seasonal variation in outdoor water use is evident in Table H-4. The average 1999 WMA single
family outdoor water use in June through August was 163 gallons per day but close to zero for
December through March. The total 1999 domestic outdoor water use for the basin is calculated
to increase from nearly zero mgd in February to 80 mgd in July. The calculated total 1999
domestic outdoor water use for the basin averaged 24 mgd for January through December and
averaged 66 mgd for the period June through August. Note that the domestic outdoor monthly
demand is based on the outdoor water use during 1999, and could possibly change given different
weather conditions.

Comparison to USGS estimates of domestic consumptive use

Consumptive water use was summarized for the Potomac basin (upstream of Little Falls and not
including the WMA) as based on USGS 1995 Water Use Data (USGS, 1998). Consumptive use
for the domestic category of water use as based on USGS Water Use Data was calculated to be
on average 9.5 mgd for 1995, the most recent year for which data were available. The 9.5 mgd is
about 40 percent of the domestic outdoor water use of 24 mgd calculated for the basin, based on
WMA outdoor water use. The relatively large difference in the two numbers, and the large
uncertainty associated with both estimates of domestic consumptive use, suggests that a
conservative approach would be to use the larger number to estimate domestic consumptive use
(assuming all outdoor use is consumptive) as was implemented in the present study.
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Forecast of future domestic consumptive use

Estimates of future domestic consumptive use were developed based on forecasts of single
family households, apartments, and mobile homes, which in turn were based on ratios of current
population to population forecasts. The more conservative WMA-based estimate of per
household outdoor use was used to develop the forecast rather than the USGS-based
consumptive use estimate.

Population estimates for Hydrologic Unit Code' (HUC) regions in the Potomac basin were
compiled from information supplied by the Chesapeake Bay Program (Chesapeake Bay Program,
2000). A detailed summary of population estimates by HUC for each forecast year is provided in
the main body of the report. The number of single family households in each HUC region was
estimated based on the percentage of each HUC region’s population to the total basin population
for each year. For example, the Middle Potomac-Catoctin HUC region has 8 percent of the total
basin population, so the total number of single family households in that HUC region was
assumed to be 8 percent of the total households in the basin. A similar algorithm was used to
develop estimates of the number of apartments and mobile homes. Table H-5 shows the
estimated number of single family households for each HUC region.

Table H-5: Forecast of single family households in the Potomac basin by HUC region, excluding
the WMA

2000 2010 2020 2030
South Branch Potomac 8,927 9,233 9,501 9,794
North Branch Potomac 32,608 32,738 32,835 32,954
Cacapon-Town 6,956 7,435 7,830 8,282
Conococheague-Opequon 127,487 138,694 148,060 158,654
South Fork Shenandoah 64,181 67,817 71,531 75,193
North Fork Shenandoah 18,763 20,325 21,887 23,449
Shenandoah 14,407 16,319 17,997 19,830
Middle Potomac-Catoctin (c) 30,057 35,833 40,630 46,079
Monocacy 77,414 91,022 99,959 112,010
Totals 380,800 419,416 450,230 486,245

Forecasts of average June through August daily domestic consumptive water demand by HUC
region and for the basin were developed, assuming a repeat of hot and dry conditions and that all
outdoor water use is consumptive. The forecast for single family consumptive demand was
developed by multiplying the numbers of single family households by the average June through
August WMA single family outdoor water use of 163 gallons per household per day. A forecast

'A Hydrologic Unit Code refers to a USGS designated natural drainage basin or
hydrologic area. There are 8 HUC regions in the Potomac Basin upstream of the Washington DC
area. The USGS provides its water use data by HUC region.
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of daily domestic consumptive water demand for apartments and mobile homes for each HUC
was developed by multiplying the numbers of apartments and mobile homes for each HUC by the
WMA household water use of 163 gallons per household per day and by a factor of 0.2.

Table H-6 summarizes average June through August consumptive domestic use by HUC
watershed, excluding metro-Washington use, estimated for hot and dry years (mgd). The
forecasts in Table H-6 combine estimates of consumptive use for the single family, apartment,
and mobile home categories.

Table H-6: Average summertime (June through August) consumptive domestic use by HUC

watershed, excluding metro-Washington use, assuming a hot, dry year (mgd)

1995 2000 2010 2020 2030
South Branch Potomac 1.5 1.5 1.6 1.6 1.7
North Branch Potomac 5.6 5.7 5.7 5.7 5.7
Cacapon-Town 1.2 1.2 1.3 1.4 1.4
Conococheague-Opequon 21.2 22.1 24.1 25.7 27.5
South Fork Shenandoah 10.8 11.1 11.8 12.4 13.1
North Fork Shenandoah 3.1 3.3 3.5 3.8 4.1
Shenandoah 2.3 2.5 2.8 3.1 3.4
Middle Potomac-Catoctin 4.7 5.2 6.2 7.1 8.0
Monocacy 12.3 13.4 15.8 17.4 19.4
Totals 62.8 66.1 72.8 78.2 84.4

Table H-6 shows that average June through July domestic water use for the portion of the basin
upstream of the WMA is forecast to grow from approximately 66 mgd in 2000 to 84 mgd in
2030, assuming a repeat of a hot and dry year.
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Appendix I: Calculation of irrigation consumptive use for the Potomac basin

Summary

Estimates of current and future agricultural irrigation consumptive water use for the Potomac
basin were made based on the USGS 1995 base estimate of irrigation water use (USGS, 1998)
adjusted by forecasts of eastern U.S. percentage increase in irrigated acres (Brown, 2000).

The forecast of average annual Potomac basin irrigation water use was multiplied by coefficients
to represent the growing season for a dry year. Irrigation consumptive demand was calculated for
a drought year and was based on a series of conservative assumptions. For example, all irrigation
water use was assumed to be consumptive.

Calculation of annual average irrigation consumptive use, Potomac basin, dry years

The conservative assumption was made that no water withdrawn for irrigation would be returned
to the river and was thus considered entirely consumptive. (All irrigation water use was assumed
to be lost to evapotranspiration.)

Irrigation water use for the basin was obtained from the US Geological Survey (USGS, 1998) for
the year 1995. The 1995 average annual use in the basin upstream of the Washington
metropolitan area (WMA) for irrigation was calculated to be 5.2 mgd.

There is variability in consumptive agricultural irrigation water use from one year to the next,
with more extreme water uses for irrigation during the hotter and drier years. Irrigation
consumptive use during such drought periods is approximately 65 to 70 percent greater than
average year consumptive use (Patrick Hammond, Maryland Department of the Environment,
personal communication, August 12, 2000).

The USGS data for 1995 represents data from a dry summer growing season, but 1995 was not
an extremely dry year. The 1995 irrigation demand was probably greater than an average year,
but probably not as much as the 65 to 70 percent greater than average year demand. To
determine expected irrigation water use during times of extreme drought, as based on the 1995
data, the 70 percent estimate was halved. An increase of 35 percent was applied to the 1995
USGS irrigation consumptive use to arrive at an estimate of dry year irrigation demands resulting
in 7.0 mgd (5.2 multiplied by 1.35) averaged over the whole year.
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Calculation of monthly irrigation consumptive use, Potomac basin, dry years

The growing season in the Potomac basin occurs from April through September, but significant
irrigation takes place from June through August. At other times of the year, irrigation
withdrawals are zero or insignificant, with the possible exception of September irrigation for
corn crops (Patrick Hammond, Maryland Department of the Environment, personal
communication, August 12, 2000). The Potomac basin growing season was confirmed using
published tables of growing season for various crops based on mean temperature (Natural
Resource Conservation Service, 1993).

The Blaney-Criddle method was used to evaluate net consumptive demand for the region by
month as a function of temperature, length of day, crop type, and available moisture (Natural
Resource Conservation Service, 1993). Figure I-1 shows the net inches of consumptive demand
for a crop type of deciduous orchards, significant in the Potomac River basin. Figure I-1 shows
the net water that would be used by a crop when an ample water supply is available. Figure I-1
was used as the basis for calculating the distribution of monthly irrigation water use for the
Potomac basin during the growing season given an annual average use of 7.0 mgd and assuming
no irrigation use outside of the growing season as shown in Table I-1.

Net consumptive crop demand of deciduous orchards in Potomac basin, based on 1999 meteorological conditions
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Figure I-1: Net consumptive demand for deciduous orchards in Potomac basin based on 1999
meteorological conditions
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Table I-1: Estimated 1995 levels of consumptive irrigation water use by month for the Potomac
basin assuming hot and dry conditions.

Irrigation water use

by month, mgd

January 0
February 0
March 0
April 6.6

May 12.4

June 17.8

July 19.5
August 16.4
September 11.3
October 0
November 0
December 0

Table I-1 shows that the peak irrigation is estimated to occur in June, July and August and
averages 17.9 mgd during these months. No irrigation was assumed to take place outside of the
April through September growing season. (The average irrigation value for the year from

Table I-1 is 7.0 mgd.) The ratio of average June through August irrigation as compared to the
average annual value is 2.6 (equals 17.9 divided by 7.0). The annual average irrigation water use
for a dry year of 7.0 mgd was multiplied by a factor of 2.6 to develop an estimate of average June
through August dry year irrigation water use, for a base year of 1995.

Forecast of monthly irrigation consumptive use, Potomac basin, dry years

Estimates of future irrigation consumptive water use for the Potomac basin were made based on
the June through August calculated irrigation demand in hot and dry years adjusted by forecasts
of eastern U.S. percentage increase in irrigated acres (Brown, 2000). Table I-2 shows the

forecast of millions of acres irrigated in the eastern U.S.

Table I-2: Forecast of irrigated acres.

Million Percentage

acres change from

irrigated, 1995

eastern US

1995 11.3 0
2000 12.6 12
2010 14.3 26
2020 15.4 36
2030 16.4 45

Source: Brown, 2000.

USGS also tracks irrigated acreage at a smaller scale, in Water Resources Regions, of which
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there are 18 in the conterminous U.S. Trends in irrigation use specific to the New England Water
Resources Region (USGS; 1972, 1977, 1983, 1988, and 1998) were examined as shown in
Figure I-2. The Potomac basin is included in the New England Water Resources Region.

New England Water Resources Region irrigated acreage
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Figure I-2: New England Water Resources Region irrigated acreage

Figure I-2 shows an increasing trend in irrigated acreage for the New England Water Resources
Region. However, the variability in irrigated acreage from year to year is great, so trend analysis
of this limited data set was considered less accurate than trends determined for the broader
eastern U.S. data. The eastern national trend resulted in higher estimates of irrigated water use,
with an increase of irrigated acreage of 45 percent from 1995 to 2030, as opposed to a projection
in irrigated acreage of 28 percent based on a trend analysis using the New England Water
Resources Region. Therefore, the more conservative eastern national trend analysis was used to
estimate future irrigated acreage for the Potomac basin.

The percentage changes from 1995 irrigated acreage for the eastern U.S. were used to develop

estimates of irrigated acreage for future years for the Potomac basin. Because the recent trend in
eastern withdrawals per acre has been constant (Brown, 2000), future irrigation water use in the
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Potomac was projected to increase directly as a proportion of eastern acres irrigated.

Forecasts of average June through August daily irrigation consumptive water demand by HUC
region and for the basin were developed, assuming a repeat of hot and dry conditions and that all
irrigation water use is consumptive as shown in Table I-3.

Table I-3: Average summertime (June through August) consumptive irrigation use by HUC
watershed, excluding metro-Washington use, assuming a hot, dry year (mgd)

1995 2000 2010 2020 2030
South Branch Potomac 0.0 0.0 0.0 0.0 0.0
North Branch Potomac 0.3 04 04 0.5 0.5
Cacapon-Town 0.1 0.1 0.1 0.1 0.1
Conococheague-Opequon 4.8 5.3 6.0 6.5 6.9
South Fork Shenandoah 1.8 2.0 2.3 2.5 2.7
North Fork Shenandoah 1.4 1.6 1.8 1.9 2.1
Shenandoah 04 04 0.5 0.5 0.6
Middle Potomac-Catoctin 34 3.8 4.3 4.6 4.9
Monocacy 5.9 6.5 7.4 8.0 8.5
Totals 18.1 20.1 22.8 24.5 26.2

Table I-3 shows that average June through July consumptive irrigation water use for the portion
of the basin upstream of the WMA is forecast to grow from approximately 20 mgd in 2000 to 26
mgd in 2030, assuming a repeat of a hot and dry year.
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Appendix J: Streamflow derivation by HUC
North Branch Potomac HUC

The area of the North Branch Potomac HUC is 1,345 square miles. Regulation by Jennings
Randolph and Savage reservoirs has changed the flow characteristics of the North Branch. The
COE manages the river to maintain a minimum flow at Luke, MD, of 120 cfs (78 mgd). A
conservative estimate was made of the flow that would have occurred over the historical record
given the current status of river regulation per the following method. The minimum flow of 78
mgd was assumed at Luke, and area adjustment was applied to that flow contributed by the
intervening drainage area between Luke and the downstream end of the HUC. The drainage area
of the watershed at Luke is 405.8 square miles. The drainage area between Luke and the
downstream end of the North Branch Potomac HUC is 939 square miles. Two USGS gages
were used for the area adjustment over the period 10/1/1929 through 9/30/1999: George’s Creek
at Franklin, with a drainage area of 72.4 square miles, and Wills Creek near Cumberland, with a
drainage area of 247 square miles. Both gages are located in the intervening drainage area. The
area adjustment factor applied to combined George’s Creek and Willls Creek flows was 2.94
[938.9/(72.4+247)]. The area adjusted flow was added to the minimum assumed flow of 78 mgd
in order to simulate the HUC flow for the North Branch.

EPA’s DFLOW program was used to calculate the 7Q10 for the HUC, which is equal to 111
mgd. The total consumptive use for the North Branch HUC in 1995 is calculated to be 19.7 mgd.
Note that much of the consumption (10.5 mgd) is evaporation from a thermoelectric plant that is
upstream of Jennings Randolph (Mt. Storm). Therefore, the portion of the consumptive demand
that is thermoelectric should be subtracted from the total consumptive demand before a
comparison of consumptive demand with the 7Q10. The historical simulated minimum flow for
the North Branch HUC is 99 mgd, assuming current policies for reservoir flow augmentation
throughout the historical record.

South Branch Potomac HUC

The area of the South Branch Potomac HUC is 1,481.5 square miles. The USGS’s South Branch
Potomac River Near Springfield gage in West Virginia is in the South Branch Potomac HUC and
has been operational from 1928 through the present. The gage has a drainage area of 1,471
square miles. Historical streamflow data was obtained for the period 8/8/1928 through
9/30/1998. An area adjustment factor of 1.007 (1,481.5 divided by 1,471) was applied to the
gaged flow in order to simulate HUC flow for the South Branch.

EPA’s DFLOW program was used to calculate the 7Q10 for the HUC, which is equal to 48 mgd.
The total consumptive use for the South Branch HUC in 1995 was calculated to be 4.6 mgd. The

historical simulated minimum flow for the South Branch HUC is 33 mgd.

Cacapon Town HUC
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The area of the Cacapon Town HUC is 1,206 square miles. The USGS’s Cacapon River Near
Great Cacapon, gage in West Virginia is in the Cacapon Town HUC and was operational from
1922 through 1995. The gage had a drainage area of 677 square miles. Historical streamflow
data was obtained for the period 12/12/1922 through 9/30/1995. An area adjustment factor of
1.78 (1,206 divided by 677) was applied to the gaged flow in order to simulate HUC flow for the
Cacapon Town HUC.

EPA’s DFLOW program was used to calculate the 7Q10 for the HUC, which is equal to 44 mgd.
The total consumptive use for the Cacapon Town HUC in 1995 was calculated to be 0.9 mgd.
The historical simulated minimum flow for the Cacapon Town HUC is 29 mgd.

Conococheague Opequon HUC

The area of the Conococheague Opequon HUC is 2,281 square miles. The USGS’s Antietam
Creek near Sharpsburg and Conococheague Creek at Fairview gages in Maryland are both in
the Conococheague Opequon HUC and have been operational since 1928. The gages have a
combined drainage area of 775 square miles. Historical streamflow data was obtained for the
period 10/1/1929 through 9/30/1999. An area adjustment factor of 2.94 (2,281 divided by 775)
was applied to the gaged flow in order to simulate flow for the Conococheague Opequon HUC.

EPA’s DFLOW program was used to calculate the 7Q10 for the HUC, which is equal to 249
mgd. The total consumptive use for the Conococheague Opequon HUC in 1995 was calculated
to be 12.2 mgd. The historical simulated minimum flow for the Conococheague Opequon HUC
is 148 mgd.

North Fork Shenandoah HUC

The area of the North Fork Shenandoah HUC is 1,044 square miles. The USGS’s Shenandoah
River at Millville gage in West Virginia is in the Shenandoah River Valley outside of the North
Fork HUC and has been operational from 1928 through the present. The gage has a drainage
area of 3,040 square miles. Historical streamflow data was obtained for the period 10/1/1929
through 9/30/1998. An area adjustment factor of 0.34 (1,044 divided by 3,040) was applied to
the gaged flow in order to simulate HUC flow for the North Fork Shenandoah HUC.

EPA’s DFLOW was used to calculate the 7Q10 for the HUC, which was equal to 81 mgd. The
total consumptive use for the North Fork Shenandoah HUC in 1995 was calculated to be 4.6
mgd. The historical simulated minimum flow for the North Fork Shenandoah HUC is 43 mgd.
South Fork Shenandoah HUC

The area of the South Fork Shenandoah HUC is1,660 square miles. The USGS’s Shenandoah

River at Millville gage in West Virginia is in the Shenandoah River Valley outside of the South
Fork HUC and has been operational from 1928 through the present. The gage has a drainage
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area of 3,040 square miles. Historical streamflow data was obtained for the period 10/1/1929
through 9/30/1998. An area adjustment factor of 0.55 (1,660 divided by 3,040) was applied to
the gaged flow in order to simulate HUC flow for the South Fork Shenandoah HUC.

EPA’s DFLOW program was used to calculate the 7Q10 for the HUC, which is equal to 128
mgd. The total consumptive use for the South Fork Shenandoah HUC in 1995 was calculated to
be 7.5 mgd. The historical simulated minimum flow for the South Fork Shenandoah HUC is 68
mgd.

Shenandoah HUC

The area of the Shenandoah HUC 1s352 square miles. The USGS’s Shenandoah River at
Millville gage in West Virginia is in the Shenandoah River Valley inside of the Shenandoah HUC
and has been operational from 1928 through the present. The gage has a drainage area of 3,040
square miles. Historical streamflow data was obtained for the period 10/1/1929 through
9/30/1998. An area adjustment factor of 0.12 (352 divided by 3,040) was applied to the gaged
flow in order to simulate HUC flow for the Shenandoah HUC.

EPA’s DFLOW program was used to calculate the 7Q10 for the HUC, which is equal to 27 mgd.
The total consumptive use for the South Fork Shenandoah HUC in 1995 was calculated to be 3.3
mgd. The historical simulated minimum flow for the Shenandoah HUC is 14 mgd.

Monocacy HUC

The area of the Monocacy HUC is 986 square miles. The USGS’s Monocacy River at Jug
Bridge near Frederick gage in Maryland is in the Monocacy HUC and has been operational from
since 1929. The gage has a drainage area of 817 square miles. Historical streamflow data was
obtained for the period 10/1/1929 through 9/30/1999. An area adjustment factor of 1.21 (986
divided by 817) was applied to the gaged flow in order to simulate HUC flow for the Monocacy
HUC.

EPA’s DFLOW program was used to calculate the 7Q10 for the HUC, which is equal to 41 mgd.
The total consumptive use for the Monocacy HUC in 1995 was calculated to be 7.4 mgd. The
historical simulated minimum flow for the Monocacy HUC is 14 mgd.

Middle Potomac Catoctin HUC

The area of the Middle Potomac Catoctin HUC is 1,227 square miles. The USGS’s Goose Creek
near Leesburg, VA gage is in the Middle Potomac Catoctin HUC and has been operational from
since 1930. The gage has a drainage area of 332 square miles. Historical streamflow data was
obtained for the period 1/1/1930 through 9/30/1999. An area adjustment factor of 3.70 (1,127
divided by 332) was applied to the gaged flow in order to simulate HUC flow for the Middle
Potomac Catoctin HUC.
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EPA’s DFLOW program was used to calculate the 7Q10 for the HUC, which is equal to 4 mgd.
The total consumptive use for the Middle Potomac Catoctin HUC in 1995 was calculated to be
13.8 mgd. The historical simulated minimum flow for the Middle Potomac Catoctin HUC is 1
mgd.
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Appendix K: Streamflow derivation and validation for medium scale resource analysis
Potomac flow and cumulative demands downstream of North Branch HUC

Potomac flow downstream of the North Branch HUC was determined as described in the section
above for the North Branch, “Stream Flow Data by HUC.” EPA’s DFLOW program was used to
calculate the 7Q10 for the HUC, which is equal to 111 mgd. The total consumptive use for the
North Branch HUC in 1995 is calculated to be 9.2 mgd. (excluding the 10.5 mgd attributable to
Mt. Storm) The historical simulated minimum flow for the North Branch HUC is 99 mgd,
assuming current policies for reservoir flow augmentation throughout the historical record.

Potomac flow and cumulative demands downstream of South Branch HUC

The combined flow on the Potomac below the confluence of the North Branch and South Branch
HUCs was calculated by combining the simulated flows for both HUCs. The period of record for
the combined flow was 10/1/1929 through 9/30/1998. EPA’s DFLOW was used to calculate a
7Q10 of 163 mgd. The North Branch and South Branch 1995 combined upstream consumptive
demand was 13.7 mgd (excluding the 10.5 mgd attributable to Mt. Storm). The simulated
minimum flow was calculated to be 136 mgd.

Potomac flow and cumulative demands downstream of Cacapon Town HUC

The combined flow on the Potomac below the confluence of the North Branch, South Branch,
and Cacapon Town HUCs was calculated by combining the simulated flows for each HUC, (with
a day’s lag on the combined North Branch and South Branch flow). The dataset included the
period from 10/1/29 through 9/30/1995. EPA’s DFLOW was used to calculate a 7Q10 of 210
mgd. The combined upstream consumptive demand in 1995 was 14.6 mgd (not counting 10.5
mgd attributable to Mt. Storm). The simulated minimum flow for the combined flow was
calculated to be 168 mgd.

Potomac flow and cumulative demands downstream of Conococheague Opequon HUC

The combined flow on the Potomac below the confluence of the North Branch, South Branch,
Cacapon Town and Conococheague Opequon HUCs was calculated by combining the simulated
flows for each HUC, (with a net 3-day lag on the combined North Branch and South Branch
flow, a net two-day lag on the Cacapon Town, and no lag for the Conococheague flow). The
dataset included the period from 10/1/1929 through 9/30/1995. EPA’s DFLOW was used to
calculate a 7Q10 of 476 mgd. The combined upstream consumptive demand in 1995 was
calculated to be 26.8 mgd (not counting 10.5 mgd attributable to Mt. Storm). The simulated
minimum flow for the combined flow was calculated to be 318 mgd.

Potomac flow and cumulative demands downstream of Shenandoah HUC



The North Fork and South Fork Shenandoah HUCs do not directly augment the Potomac. The
net Shenandoah flow was calculated by adding the flows for the three Shenandoah HUCs (with a
1 day lag on the North Fork and South Fork Shenandoah HUCs.) This combined Shenandoah
flow was added to the flows calculated for upstream Potomac HUCs, with a net 3-day lag on the
combined North Branch and South Branch HUC flow, a net 2-day lag on the Cacapon Town
HUC flow, and no lag on the Conococheague Opequon HUC flow. The dataset included the
period from 10/1/1929 through 9/30/1995. EPA’s DFLOW was used to calculate a 7Q10 of 727
mgd. The combined upstream consumptive demand in 1995 was calculated to be 42.2 mgd (not
counting 10.5 mgd attributable to Mt. Storm). The simulated minimum flow for the combined
flow was calculated to be 469 mgd.

Potomac flow and cumulative demands downstream of Monocacy HUC

The combined flow on the Potomac below its confluence with the Monocacy HUC was
calculated by adding the simulated flows for each upstream HUC, with a net 5-day lag on the
combined North Branch and South Branch flow, a net 4-day lag on the Cacapon Town, and a net
2-day lag for the Conococheague Occoquan and Shenandoah HUC flows. The dataset included
the period from 10/1/1929 through 9/30/1995. EPA’s DFLOW was used to calculate a 7Q10 of
781 mgd. The combined upstream consumptive demand in 1995 was calculated to be 49.6 mgd
(not counting 10.5 mgd attributable to Mt. Storm). The simulated minimum flow for the
combined flow was calculated to be 484 mgd.

Potomac flow downstream of Middle Potomac Catoctin HUC

The combined flow of the Potomac below its confluence with the Middle Potomac-Catoctin
HUC was calculated by adding the simulated flows for each upstream HUC, with a net 7-day lag
on the combined North Branch and South Branch flow, a net 6-day lag on the Cacapon Town, a
net 4-day lag for the Conococheague Occoquan and Shenandoah HUC flows, and a net 2-day lag
on the Monocacy HUC flow. The dataset included the period from 1/1/1930 through 9/30/1995.
EPA’s DFLOW was used to calculate a 7Q10 of 797 mgd. The combined upstream consumptive
demand in 1995 was calculated to be 55.8 mgd (excluding 10.5 mgd attributable to Mt. Storm).

A comparison was made between the simulated flow dataset and the actual flows for the period
1982 through 1995 to determine the validity of the method used for simulating low flows. The
results of the comparison are shown in Table K-1.

Table K-1: Comparison of simulated flow dataset and actual Potomac flows, 1982-1995

7Q10, mgd 7Q5, mgd 7Q2, mgd

Simulated Little Falls | 970 1,060 1,276
flow (a)




Little Falls actual 926 1,028 1,262
flow (b)

Difference 44 32 14

Notes:
(a) Based on upstream HUC flows
(b) Gaged flow at Little Falls adjusted to include metro Washington withdrawals

Table K-1 shows that the 7Q10 flow for the period 1982 through 1995 for the simulated Little
Falls flow was 970 mgd. The 7Q10 flow for the Little Falls actual (gaged) flow was 926 mgd.
The lower actual flow raises a concern: there is approximately 44 mgd less water during 7Q10
flow than is predicted by the simulated flow data set. For the low flows that would occur at
higher probabilities (7Q5 and 7Q?2, i.e., low flows that would occur at a 20% and 50% likelihood
in any given year) the difference is less.

For average flows and low flows during ordinary years (1982) the simulated flow matches well
with actual gaged flows. For low flows during the more extreme dry years (1986) the simulated
summertime flows are higher than the actual gaged flows.

One possible explanation could be the magnitude and timing of agricultural and municipal
consumptive water uses. During extreme low flows such as would occur at a 10 percent
likelihood in any given year (the so called 10-year recurrence interval) weather conditions are
typically drier and hotter. One might expect consumptive uses during these hot dry months to be
higher than the annual average consumptive use. Higher consumptive uses could explain why
actual gaged flow was lower than the simulated flow dataset during the more extreme low flow
periods.

Note that at the highest flow rates, the area adjustment method does not predict the timing or
magnitude of peak flows. This result is expected and is not a problem since it is low flow
periods that are of concern for this study.

The simulated minimum flow downstream of the Middle Potomac-Catoctin HUC was calculated
to be 487 mgd. This simulated minimum flow can be compared to the actual minimum flow that
occurred September 10, 1966. In 1966, Jennings Randolph was not yet on line. The simulated
flow record, which included current rates of reservoir flow releases, was adjusted to represent
that 1966 flow without Jennings Randolph augmentation releases. The minimum simulated flow
was calculated to be 417 mgd. This flow is 29 mgd higher (7.5%) than the actual minimum flow
that occurred. The difference might be attributable to consumptive use in 1966 that was not
reflected in the simulated flow dataset or to errors introduced through the development of the
simulated flow record.
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Appendix L: Large scale basin resource analysis: method and tools

This appendix describes the Washington metropolitan area water suppliers and service area, the
system model that was developed for the resource assessment portion of the study as well as
current CO-OP water supply operations. Several factors that can affect future resources were
also incorporated into the system model including:

. Jennings Randolph release efficiency,

. the effects of siltation on reservoir storage over time,

. increasing return flows from wastewater treatment plants upstream of the Potomac water
supply intakes and Occoquan Reservoir,

. the current recommended environmental flow rate for Little Falls,

. water quality releases from Jennings Randolph water quality storage, and

. modification of historic streamflow data to account for consumptive use.

Water suppliers and service area

The majority (approximately 90 percent) of the 3.6 million people in the Washington
metropolitan area's (WMA's) population relies on water furnished by three agencies, the “CO-OP
utilities:”

. The Washington Aqueduct Division of the U.S. Army Corps of Engineers (Aqueduct)
serving the District of Columbia and portions of Virginia.

. The Fairfax County Water Authority (FCWA) serving parts of northern Virginia.

. The Washington Suburban Sanitary Commission (WSSC) serving the Maryland suburbs.

These agencies supply treated water either directly to customers or through wholesale suppliers.

Water supplies from the Patuxent reservoirs in Maryland and the Occoquan reservoirs in Virginia
are also included in the study because of their conjunctive use with supplies from the non-tidal
Potomac. These resources are used by FCWA and WSSC. The Patuxent and
Occoquan/Manassas reservoirs are currently used at approximately their sustainable yields.
Therefore, all future increases in demand in the distribution areas jointly served by them and the
non-tidal Potomac River will likely be accommodated by increased withdrawals from the non-
tidal Potomac River.

Model description
A daily system simulation model was developed that captures the daily operating rules of the

system of reservoirs, fluctuating daily and seasonal demands, 67 years of historical flows, and
that provides outputs of daily reservoir volumes given current and future demands (The Potomac
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System River and Reservoir Model, PSRRM). PRSSM simulates the WMA water supply system
and emulates CO-OP system reservoir operations as described below. Demands in PRSSM are
modeled to incorporate seasonal and daily variability in flows. PRSSM is run in a continuous
mode through the 67 years of deterministic historical reservoir inflow and Potomac River flow
records on a daily time step. The drought of 1930-31 is the longest drought included in the
historic record, and is noteworthy for lasting from the summer through the fall and winter of
1930-1931.

The system model can be compared to an accounting procedure, tracking reservoir inflows and
reservoir releases in order to calculate daily reservoir storage throughout the historical record.
PRSSM can thus be used to determine how the current system of reservoirs and the Potomac
River would respond to current or future demands given the current operating rules and the
historical record of streamflow. The model reports the storage remaining in each reservoir and
the Potomac flow at Little Falls before and after withdrawals for each day in the historical record.
PRSSM functions as both an operations and planning model, and has been used to develop more
efficient operating rules for the WMA system of reservoirs.

Reservoir operations

During periods of low flow, the Occoquan and Patuxent reservoirs are used at their maximum
sustainable withdrawal rates. Reservoir response curves have been developed for the Occoquan
and Patuxent reservoir systems that allow managers to determine the maximum sustainable and
safe withdrawal rate (Hagen and Steiner, 2000). The response curves were used in the drought of
1999 and allowed managers to fully utilize the reservoirs in the early stages of the drought while
maintaining adequate reserve storage. Managers understood that the "cost" of fully utilizing the
reservoirs during the drought was to incur a 1 percent chance that withdrawals would have to be
reduced during the winter, when the free flowing Potomac is able to more than meet demands.
Reservoir rule curves based on the reservoir response curves were developed and incorporated
into PRSSM.

Jennings Randolph and Little Seneca reservoirs are used to augment low flows in the Potomac
River. Jennings Randolph and Little Seneca releases are made when predicted demands plus
environmental flow requirements are greater than predicted Potomac flow. Because Jennings
Randolph Reservoir is some 200 miles upriver, releases must be made approximately nine days
in advance to allow for travel time downstream. The operations procedure for a Jennings
Randolph release is to determine how much water, if any, to release from Jennings Randolph
Reservoir in order to meet anticipated demands nine days in the future. The Little Seneca
Reservoir, less than a day's travel time from metropolitan intakes, is used in conjunction with
Randolph so that releases made from the latter can be more conservative. If the Jennings
Randolph release is too small (because of lower than expected river flow or higher than expected
demands), a release can be made from the smaller, closer reservoir to make up for any temporary
shortfalls that become apparent as Jennings Randolph water travels to the intakes. These
operations were incorporated into PRSSM.



To determine the Jennings Randolph release, streamflow throughout the watershed is monitored.
The USGS's real-time flow data are invaluable in obtaining a snapshot of flow conditions and
for evaluating flow trends. For example, up to 17 USGS graphs depicting gage readings of
Potomac and tributary streamflow were printed each day during the drought of 1999. Flow
regressions for major tributary flows were developed to estimate streamflow recessions.
Forecasts of major tributary flows, based on the tributary flow regressions, were used to develop
forecasts of Potomac flow at Washington in 9 days time.

Jennings Randolph and Little Seneca efficiency of operations

Due to fluctuations in short-term demand and in flow forecasting, not all water released from
Jennings Randolph can be captured at the intakes. River flows might be greater than predicted or
demands might be less, in which case water in excess of the environmental flow
recommendations flows past the intakes. The Jennings Randolph release is thus less than 100
percent "efficient" from a water supply perspective. Thus, an appropriate algorithm was
developed for the Jennings Randolph release in PRSSM that simulates Jennings Randolph
inefficiency. Future Potomac flow was considered unknown for each model timestep, and was
estimated based on the algorithm used during actual operations. That is, flow regressions were
incorporated into the model and used to estimate streamflow recessions which in turn were used
to forecast Potomac flow 9 days beyond the current model timestep. In model runs as in real life
operations, the flow downstream of Little Falls could be in excess of the environmental flow
recommendation. Thus, the PRSSM approximates the real-life inefficiency that might be
expected of Jennings Randolph releases during periods of low flow.

The travel time of a Jennings Randolph release takes 9 days when the release is large (on the
order of at least 100 to 200 mgd) and travels as a "wave," a condition called unsteady flow by
hydraulic engineers. For a small release less than approximately 100 mgd, the water travels
downstream as a particle, and would take approximately 20 days to arrive at DC during periods
of low flow. Thus, the Jennings Randolph release in both real operations and as modeled in
PRSSM calls for an initial day's release of 200 mgd whenever the forecast of demands is greater
than the forecast of river flow 9 days hence. The large release is made to quickly get the water to
the intakes as a "wave." Subsequent day's releases are at least 100 mgd whenever the forecast of
9-day demands is greater than the forecast of river flow 9 days hence. Little Seneca is assumed
in model runs to be 100% efficient.

Effects of sedimentation on reservoir storage

Reservoir storage was assumed to decrease over time due to the effects of reservoir
sedimentation. Table L-1 shows the current and projected reservoir storage for the system
reservoirs. Sedimentation rates were determined using the most recently available bathymetric
surveys. Current reservoir storage was compared to original estimates of reservoir storage to
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determine storage loss over time. ICPRB reports 98-3, 98-4a, 98-5, and 99-3 show the
calculations of reservoir sedimentation for the system reservoirs. The changes in reservoir
storage were incorporated into the system model as a function of forecast year.

Table L-1: Effects of sedimentation on system reservoir storage
Usable capacity in year Usable capacity in year

2000, mg 2020, mg
Occoquan 7,988 7,188
Patuxent 10,200 9,720
Little Seneca 3,860 3,560
Jennings Randolph water supply 13,360 12,968
Jennings Randolph water quality 16,623 16,135

Effects of increased treated wastewater return flow

Several waste-water treatment plants (WWTPs) serving the WMA discharge treated effluent
upstream of the metro area water intakes, both in the Potomac River and upstream of Occoquan
Reservoir. These discharges were estimated for future years and incorporated into PRSSM as
available for future use. The facilities considered for this analysis include WSSC's Seneca
WWTP, Loudoun County Sanitation Authority's planned Broad Run WWTP, and the Upper
Occoquan Sewage Authority's (UOSA's) WWTP. Table L-2 shows the current and projected
WWTP return flows for these three facilities. The increases in treated wastewater return flow
were incorporated into PRSSM as a function of forecast year.

Table L-2: Current and projected WWTP return flows for the WMA
2000 return flows, 2020 return 2050 return

mgd flows, mgd flows, mgd
Loudoun County Broad Run WWTP 0 11 29
Seneca WWTP 6 22 26
UOSA WWTP 25 42 67
Totals 31 75 122

Environmental flow recommendations

The current environmental flow recommendations for the WMA were used for the resource
analysis. The recommendations are based on a 1981 study (MD DNR, 1981). The flow
recommendations include a 300 mgd minimum daily flow downstream of Great Falls and a 100
mgd minimum daily flow downstream of Little Falls.

Jennings Randolph water quality release

Jennings Randolph has a total of 30 billion gallons of water quality and water supply storage, of
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which 13.4 are allocated for water supply storage and 16.6 are allocated for water quality storage.
Further storage is allocated for flood control (11.8 bg). The CO-OP water utilities have agreed to
share the cost of the water supply storage portion of Jennings Randolph, and control the release
of the 13.4 bg water supply portion of the storage through ICPRB. The US Army Corps of
Engineers (COE) manages the water quality storage in Jennings Randolph as well as nearby
Savage Reservoir, and makes releases from water quality storage for flow management every day
of the year.

Regulation for water quality management at Jennings Randolph is to use as much of the available
water quality storage as needed every year to produce the greatest possible improvement in water
quality downstream in the North Branch Potomac. Joint regulation with nearby Savage River
Dam is used to assist in meeting this goal. The release rule for water quality is based on the
expected inflow rate and the volume of remaining storage in the lake. The idea is to maximize
the minimum flow from the reservoir without running out of water.

However, when a request for a water supply release is made by ICPRB on behalf of the utilities,
the Jennings Randolph release from water quality may be reduced by the COE to the minimum
release of 120 cubic feet per second (cfs; 78 mgd). This can be the case even when in the days
prior to a water supply release, the water quality release may have been higher than 120 cfs. In
the summer of 1999, water quality releases dropped from about 160 cfs (103 mgd) to 120 cfs at
the beginning of the first water supply release.

Modeling analysis shows that the 120 cfs release can be maintained throughout the historical
streamflow record, even in the event of a multi-year drought.

Therefore, it can be appropriately and conservatively assumed that future water quality releases
are simply equal to 120 cfs during a water supply release. This assumption greatly simplifies the
programming involved in the simulation model PRSSM. This model assumes that only 120 cfs
is being releases from the two reservoirs for water quality at all times, and that any deficit would
have to be made up by water from water supply storage.

Modification of historic streamflow data to account for consumptive demand

Total June through August consumptive use in the Potomac basin upstream of the metropolitan
water supply intakes for 2000 was estimated to be 129 mgd, excluding the consumptive
thermoelectric use upstream of Jennings Randolph Reservoir in the North Branch. Projected
consumptive use in the basin is forecast to increase by 30 mgd from 2000 to 2030, or
approximately 1 mgd per day.

Stream flow resources were modified in the computer simulation model PRSSM to account for
present and expected consumptive demands. The historical streamflow data was adjusted to
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represent those flows that would have occurred given current patterns of consumptive use. The
129 mgd consumptive demand was subtracted from 1929 historical flow in June, July and
August to account for current levels of seasonal consumptive demand. Implicitly, it was assumed
that actual consumptive use in 1929 was zero and that the 1929 historical streamflow record had
to be adjusted by the full 129 mgd to represent current consumptive use patterns. No adjustment
was made to the historical streamflow record for 1997. For years between 1929 and 1997, the
historical streamflow record was adjusted by subtracting an amount that varied linearly from 129
mgd in 1929 to zero mgd in 1997. A further adjustment to streamflow resources was made to
account for projected consumptive use. When projected year 2020 demands were modeled, all
years of streamflow resources were decreased by an additional 20 mgd in the months of June,
July and August.



JOURNAL OF THE AMERICAN WATER RESOURCES ASSOCIATION

DECEMBER

AMERICAN WATER RESOURCES ASSOCIATION . 2005

BENEFITS OF ITERATIVE WATER SUPPLY FORECASTING
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ABSTRACT: The three largest water utilities in the Washington,
D.C., metropolitan area (WMA) rely on the Potomac River and its
reservoirs for water supply. These utilities have committed to a
periodic review of the system’s adequacy to meet future demands.
In 1990, 1995, 2000, and again in 2004 (for publication in 2005) the
utilities requested that the Interstate Commission on the Potomac
River Basin (ICPRB) conduct a 20-year water demand and resource
adequacy study to fulfill this need. The selection of the five-year
interval provides multiple benefits. It allows regular updates and
incorporation of recent demographic forecasts, and it increases visi-
bility and understanding of the adequacy of the region’s water
resources. It also provides adequate time to conduct research on the
physical system and to incorporate modifications based on this
research into subsequent studies. The studies and lessons learned
are presented in this case study of the WMA. The work has been a
natural outgrowth of a long history of cooperative water supply
planning and management among the main WMA water utilities
and ICPRB.

(KEY TERMS: water resources planning; water demand; demo-
graphic projections; demand forecasting; resource adequacy analy-
sis; Potomac River; consumptive use.)

Hagan, Erik R., K. John Holmes, Julie E. Kiang, and Roland C. Steiner, 2005.
Benefits of Iterative Water Supply Forecasting in the Washington, D.C.,
Metropolitan Area. Journal of the American Water Resources Association
(JAWRA) 41(6):1417-1430.

INTRODUCTION

Water supply management in the Washington,
D.C., metropolitan area (WMA) requires a high degree
of interjurisdictional cooperation. The urban popula-
tions in Maryland, Virginia, and the District of
Columbia share the Potomac River as their primary

source for municipal supply. The three major
metropolitan water supply utilities, the Washington
Suburban Sanitary Commission (WSSC), the Fairfax
Water (FW), and the Washington Aqueduct Division
of the U.S. Army Corps of Engineers (Aqueduct Divi-
sion) — collectively, WMA water suppliers — jointly
own water storage in upstream Jennings Randolph
and Little Seneca reservoirs that they have agreed to
operate for their common benefit during droughts
(Figure 1). Additional regional resources include the
Triadelphia and Duckett reservoirs on the Patuxent
River (Patuxent reservoirs), owned by WSSC, and the
Occoquan Reservoir on the Occoquan River (a tribu-
tary to the tidal Potomac), owned by FCWA, all of
which are operated to improve regional water supply
reliability during droughts. Water quality releases
from the Savage Reservoir, owned by the Upper
Potomac River Commission, also benefit the down-
stream WMA water suppliers during droughts.

The WMA water suppliers have committed to a
periodic review of the adequacy of the system to meet
future demands, by formal agreement (i.e., Low Flow
Allocation Agreement of 1981 among the U.S. Army,
Maryland, Virginia, Washington, D.C., the WSSC, and
FW; and Water Supply Coordination Agreement of
1982 among the U.S. Army Corps of Engineers, FW,
the WSSC, Washington, D.C., and the ICPRB). The
first study was conducted in 1990 (Holmes and Stein-
er, 1990), with subsequent studies in 1995 (Mullusky
et al., 1996), 2000 (Hagen and Steiner, 2000), and
2005 (Kame’enui et al.,, 2005. By request of the WMA
water suppliers, the ICPRB led the effort to forecast

1Paper No. 03182 of the Journal of the American Water Resources Association (JAWRA) (Copyright © 2005). Discussions are open until

June 1, 2006.

2Respectively, Director CO-OP Operations and Associate Director for Water Resources, Interstate Commission on the Potomac River Basin,
51 Monroe Street, Suite PE-08, Rockville, Maryland, 20850; Senior Staff Officer, Board on Environmental Studies and Toxicology, National
Research Council, 500 5th Street N.W., Washington, D.C. 20001; Water Resources Scientist, Interstate Commission on the Potomac River

Basin, 51 Monroe Street, Suite PE-08, Roc’
tary Commission, 14501 Sweitzer Lane, L
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Figure 1. Potomac Basin, Patuxent Basin, Basin States, Water
Supply Service Area, and Regional Supply Reservoirs.

water demand and assess resource adequacy. In coop-
eration with the WMA water suppliers, ICPRB devel-
oped a process to integrate the data inputs from the
water utilities and regional and local planning agen-
cies. The methods selected for both the demand fore-
casting and resource adequacy phases of these studies
were intended to promote replication and transparen-
cy. The result is a process that is improved through
periodic updates with new demographic forecasts,
updated understanding of the physical system charac-
terization, and enhancements in quantitative method-
ologies while relying on the same basic inputs and
institutional collaborations.

THE GEOGRAPHICAL SETTING

One of the most famous landmarks of the WMA is
the Potomac River. The drainage area of the Potomac
includes 14,679 square miles (38,000 square km) in
four states (Maryland, Virginia, West Virginia, and

JAWRA

Pennsylvania) and the District of Columbia (Figure
1). The Potomac basin lies in five geological provinces:
the Appalachian Plateau, the Ridge and Valley, Blue
Ridge, Piedmont Plateau, and Coastal Plain. The
majority of the basin is covered by forests at about
58 percent of the land area. Developed land makes up
5 percent of the basin, while agriculture covers
32 percent. Water and wetlands make up 5 percent of
the basin.

The WMA water suppliers serve 4.1 million people
in the city of Washington, D.C., and adjacent urban
portions of Maryland and Virginia (Figure 1), covering
an area of 1,073 square miles (2,800 square km or 7.3
percent of the watershed). The recent pattern of
urban growth is similar to that of many metropolitan
areas in the United States, with the suburbs and out-
lying towns experiencing most of the growth. The
planning domain for water supply includes multiple
municipalities, states, and the federal government.
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DESCRIPTION OF WMA WATER SUPPLY

Most of the residents of the WMA rely on the
Potomac River as their primary source of water sup-
ply. On average, the Potomac River accounts for about
75 percent of the water treated by the WMA water
suppliers, with the remainder drawn from the Patux-
ent and Occoquan reservoirs. Average Potomac flow is
about 7,000 million gallons per day (mgd; 26 million
cubic meters per day or million m3/d) with a one-day
low flow (before water supply withdrawals) of 388
mgd (1.47 million m3/d) on September 10, 1966. The
annual average Potomac withdrawal for the WMA
water suppliers from 2000 through 2002 was approxi-
mately 384 mgd (1.45 million m3/d).

The WMA water suppliers collaborated to pay for
storage in Jennings Randolph Reservoir and Little
Seneca Reservoir, at an original cost of more than
US$96 million plus annual operation and mainte-
nance costs since construction. Costs for the Jennings
Randolph Reservoir were allocated based on projec-
tions of future growth: WSSC assumed 50 percent of
the costs of the new resources, FW 20 percent, and
the Aqueduct Division 30 percent. The following are
the major components of the metropolitan water sup-
ply system (also shown in Figure 1).

Jennings Randolph Reservoir

This reservoir provides supplemental releases to
the Potomac to increase low flows and is owned and
operated by the U.S. Army Corps of Engineers
(USACE). The reservoir is divided into three
accounts. The water supply account has 13.4 billion
gallons (bg; 50.7 million m3) that is available to the
WMA water suppliers when needed. The water quali-
ty account has 16.6 bg (62.8 million m3) that is man-
aged by the USACE for multiple objectives including
water quality and recreation. The flood control
account has 11.8 bg (44.7 million m3). Release recom-
mendations from the water supply account are made
by ICPRB based on existing and projected utility
demand, status of other reservoirs, and weather con-
ditions. The reservoir is some 200 miles (300 km)
upstream of the utilities’ intakes, and releases take
more than a week to travel to the utilities during
times of low flow.

Little Seneca Reservoir

This smaller reservoir, which stores 3.8 bg (14.4
million m3) of water, is funded by the three utilities
and is operated by WSSC. Located in Montgomery
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County, Maryland, releases take about a day to reach
the utilities’ intakes. Little Seneca is used to “fine
tune” Jennings Randolph releases — without Little
Seneca, water managers would have to make larger
releases from Jennings Randolph to ensure adequate
water supply at the intakes.

Savage Reservoir

Savage Reservoir is owned by the Upper Potomac
River Commission and is operated by the USACE.
This 6.3 bg (23.9 million m3) reservoir is located in
the headwaters of the basin near Jennings Randolph
Reservoir. Savage Reservoir is operated primarily to
maintain instream flow for industrial wastewater
dilution in the North Branch Potomac. Together, Sav-
age and Jennings Randolph reservoirs control about
3 percent of the Potomac watershed upstream of
Washington, D.C. When water supply releases are
made from this system, approximately 80 percent
comes from Jennings Randolph Reservoir and 20 per-
cent from Savage Reservoir.

Patuxent Reservoirs

The WSSC owns and operates two reservoirs in the
neighboring Patuxent River watershed, Triadelphia
Reservoir and Duckett Reservoir. Total usable storage
at these reservoirs is about 10.2 bg (38.6 million m3).
The utility uses this stored water in tandem with
Potomac withdrawals throughout the year.

Occoquan Reservoir

The FCWA owns and operates this reservoir on the
Occoquan River, which is a tributary to the tidal
Potomac estuary. The reservoir contains about 8.0 bg
(30.3 million m3) of total usable storage, which is used
conjunctively with Potomac withdrawals.

This system presents opportunities for increasing
efficiencies through cooperative management. Operat-
ing the reservoirs as part of a coordinated system
allowed for improvement in estimated system yield
via conjunctive management (Palmer, 1979). The
associated synergistic gains in yield greatly increase
the system’s ability to meet growth. However, the sys-
tem’s physical characteristics also create operational
difficulties. Travel times between the upstream Jen-
nings Randolph Reservoir and the most downstream
flow control point during low flows are much longer
than originally assumed, making actual operations
less efficient than prior model estimates (Trombley,
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1982). In addition, the State of Maryland is consider-
ing a revision to the recommended minimum environ-
mental flow at Little Falls, just downstream of the
last metropolitan area water supply intake (MDNR,
2003). Any change in the recommendation could have
an effect on system reliability.

HISTORY OF COOPERATION
ON WATER SUPPLY

Population in the WMA grew from 672,000 in 1930
to 2 million in 1960, and forecasts in the early 1960s
called for the population to grow to 5 million by 1985
(USACE, 1963). The actual MWA population realized
in 1985 was less than forecast by the USACE, at
approximately 3.1 million people (U.S. Census
Bureau, 2004).

Drought induced rationing was a very real threat
in the WMA through the 1960s and 1970s (ICPRB,
1982). In the 1963 USACE study and in subsequent
water supply studies through the late 1970s, demands
were forecast to exceed the low flow of the largely
unregulated Potomac. Historical flows have ranged
from a low of about 0.3 bgd to a high of approximately
300 bgd (Figure 2). Drought rationing in the WMA
was avoided by virtue of luck, with no serious

100,000 -

droughts threatening the water supply system in the
1970s. WMA demand levels exceeded the 1966 low
flow of the Potomac River 41 times during 1971
through 1982 (Ways, 1993).

The first proposed solutions were structural, with
the USACE releasing a report in 1963 recommending
16 potential reservoir sites in the Potomac River
basin (USACE, 1963). The USACE study did not con-
sider synergistic gains possible from conjunctive oper-
ation and instead calculated benefits based on
independent reservoir operation. Other measures that
were studied included estuary treatment plants,
interconnections in the distribution systems, and
interbasin transfers (Ways, 1993).

Because of financial and technical difficulties and
public opposition to the structural options, the water
utilities and local governments looked for other solu-
tions. Research at Johns Hopkins University and
ICPRB that began in the late 1970s showed that coor-
dinated use of the stored water in the Potomac basin
during droughts greatly alleviated the need for most
new reservoirs (Sheer, 1977; Palmer et al., 1979,
1982). Their research revealed that, by managing the
Jennings Randolph Reservoir in coordination with the
existing Occoquan and Patuxent Reservoirs,
the region’s projected demands could be met and
adequate environmental flow could be maintained
through about 2020 with only a fraction of the
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Figure 2. Flow on the Potomac River at Point of Rocks and Water Supplier Demand. Flow statistics are
Based on 1895 through 2003 USGS gage flow (USGS, 2004). Data provided by T. Supple, WSSC,
May 2004, unpublished data; J. Peterson, Aqueduct Division, May 2004, unpublished
data; and T. Kammer-Goldberg, Fairfax Water, May 2004, unpublished data.
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reservoir storage originally proposed by the USACE.
Gains in reliability were obtained by operating rules
that specified that the WMA water suppliers depend
more heavily on the free flowing Potomac River dur-
ing low flow winter and spring months in order to pre-
serve storage in Patuxent and Occoquan Reservoirs.
This strategy was physically possible because even
during drought months, the winter and spring
Potomac flow is more than adequate to meet water
supply demands. This operating policy ensured that
the Patuxent and Occoquan Reservoirs remain avail-
able for use during the summer low flow season and
reduces the probability of system failure.

The WMA water suppliers institutionalized cooper-
ative management through the 1982 Water Supply
Coordination Agreement, which also designated
ICPRB’s Section for Co-operative Water Supply Oper-
ations on the Potomac (CO-OP) as the agency to coor-
dinate operations. In addition, CO-OP performs an
array of other water resources-related work such as
drought exercises, seasonal forecasts of water supply
conditions, operational and administrative support
during droughts, and research (Sheer and Eastman,
1980; Sheer, 1983;Steiner, 1984; Smith, 1988, 1989;
Sheer et al., 1989; Steiner et al., 1997, 2000).

REEMERGENCE OF WATER SUPPLY ISSUES

The issue of water resources adequacy has recently
reemerged as a major concern in the WMA. After the
early exploration of regional resource management at
Johns Hopkins University, the construction of the
Jennings Randolph and Little Seneca Reservoirs in
the early 1980s, and the enactment of the Water Sup-
ply Coordination Agreement, concerns about adequa-
¢y of regional water supplies faded from prominence
among policy makers and the public. The water
resources available in the Jennings Randolph and Lit-
tle Seneca Reservoirs were judged adequate to meet
water supply demands in the eventuality of a drought
in the Potomac River basin (National Research Coun-
cil, 1984). Through the 1980s and almost all of the
1990s, flows in the Potomac River never dropped low
enough to require releases of water from the
upstream Jennings Randolph and Little Seneca
Reservoirs. However, over the past six years there
were two periods during which upstream reservoirs
were tapped to augment Potomac River flows, includ-
ing an extensive period in 2002. The droughts of 1999
and 2002, which occurred during hot, dry summers,
caused a significant rise in interest in water supply
management. These events, combined with the con-
tinued growth in water supply demands and potential
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for future resource shortfalls, prompted increased
participation by stakeholders in water planning as
well as greater scrutiny of resource alternatives,
study methods and assumptions, and upstream water
uses.

The authors of the Water Supply Coordination
Agreement solved the WMA’s immediate water supply
need with the coordinated management solution but
also had the foresight to provide a framework for
studying future needs. The agreement requires water
supply demands and resources to be evaluated in
1990 and every fifth year thereafter, with a forecast
horizon of 20 years into the future.

METHOD FOR FORECASTING
WATER SUPPLY DEMAND

A unit use coefficient approach was chosen for the
WMA water supply studies in 1990 (Holmes and
Steiner, 1990), 1995 (Mullusky et al., 1996), 2000
(Hagen and Steiner, 2000), and 2005 (Kame enui et
al., 2005) as it is a transparent and easily under-
standable method that can be applied to multiple
jurisdictions and was judged to provide the right bal-
ance between data needs and accuracy. This is espe-
cially true in an era when the WMA’s available supply
of water was in excess of water supply demands.

This method is limited in that it does not account
for the impact that variables such as price might have
on water demand and does not allow for explicit esti-
mation of uncertainty in the water demand estimate.
Because past studies show that resources may be
strained in the future due to demand growth, it is
appropriate to include more comprehensive forecast
methods for future studies that more explicitly incor-
porate uncertainty and other factors that can influ-
ence water demand. An annotated bibliography of
forecasting techniques is provided by Dziegielewski
et al. (1981). While by no means an exhaustive list,
discussions of municipal water supply management
including water demand forecasting techniques are
provided by Baumann et al. (1997), Prasifka (1988),
Wurbs (1994), and Mays (2003). In 2000, Planning
and Management Consultants Ltd. conducted a
demand forecast for the City of San Diego, California,
that quantified forecast risk and uncertainty.

The unit use coefficient approach used for the
WMA forecast disaggregates demand among three
main categories of water uses: single family house-
hold use, multifamily water use, and employee water
use. The employee water use category includes all
commercial, office, governmental, and industrial
water use, although industrial water use in the WMA
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is negligible. The main components of WMA water
demand are due to single-family and multifamily resi-
dences, with significant contribution from government
and office workers.

Estimates of future annual average water demands
are made by applying unit use factors for each type of
water use to regional demographic projections of the
number of future households and employees from the
Metropolitan Washington Council of Governments
(MWCOG, 1988, 1994, 1999, 2004). Unit use coeffi-
cients are calculated and demographic projections are
collected for 17 different geographic regions and ser-
vice areas in the WMA. The 2000 study (Hagen and
Steiner, 2000) and 2005 study (Kame’enui et al.,
2005) modified future unit use rates to account for the
increasing use of more efficient plumbing fixtures.

This method of demand forecasting requires a high
degree of interaction with regional water supply and
other planning agencies. The most recent forecast cov-
ered the WMA water suppliers and their seven whole-
sale customers. Agreements by the utilities to
wholesale water outside their direct service areas
make it necessary to include these additional utilities
in the estimation. The service areas shown in Figure
1 include the wholesale customers of each of the WMA
water suppliers.

A summary of the most recent study’s forecast of
households, population, and employees for the WMA
water suppliers’ service area is shown in Table 1
(Kame’enui et al., 2005), for the intermediate or “most

likely” growth scenario. The forecast, based on
MWCOG demographic projections from 2004 shows
that households, employees, and population were pro-
jected to increase between 22 to 32 percent from 2005
to 2025 (MWCOG, 2004).

TABLE 1. Forecast of Households, Population, and Employees
for the Water Supplier Service Area for the Intermediate

or “Most Likely” Growth Scenario.
Percent
Forecast Increase
2005 For Year 2005 to

Estimates 2025 2025
Households 1,556,000 1,899,000 22.0
Single Family 974,000 1,160,000 19.0
Multifamily 581,000 737,000 26.9
Employees 2,612,000 3,444,000 31.9
Population 4,070,000 4,863,000 24.2

Data from Kame‘enui et al. (2005).

The population forecasts were combined with the
unit use factors to obtain a comprehensive demand
forecast for the metropolitan area. WMA water
supplier unit use factors for single-family households,
multifamily households, and employees are shown in

TABLE 2. Unit Use Factors for 1988. 1998, and 2004.

Aqueduct Division - Fairfax Water - System
Washington, D.C., Retail Service WSSC Average
Service Area Area Service Area Unit Usel
Single-Family (gallons per day)
1988 325 240 241 262
1998 279 227 179 214
2004 170 212 179 185
Multifamily (gallons per day)
1988 315 177 223 236
1998 279 165 184 201
2004 160 163 175 168
Employment (gallons per day)
1988 50 44 58 53
1998 43 44 45 4
2004 57 46 47 51

Notes: Data from Kame’enui et al. (2005).

IWeighted by relative numbers of houses or employees in DC WASA, Fairfax Water, and WSSC service areas as estimated in 1990, 2000, or

2005.
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Table 2. In the 2000 demand study (Hagen and Stein-
er, 2000) and the 2005 study (Kame’enui et al., 2005),
unit use factors were projected to decrease to account
for the growing use of low water using fixtures as a
result of the Energy Policy Act of 1992. Unit use in
the WMA is forecast to decline based on assumptions
about residential water use rates (Mayer et al., 1999),
the number of existing households with remodeled
bathrooms, bathroom fixture replacement rates, and
the number of new houses with associated low flush
toilets and low flow showerheads (Hagen and Steiner,
2000) (Table 3). These assumptions reduce the system
average unit use by about 7 percent in year 2020 as

compared to the calculated 2000 unit use rate for sin-
gle-family households.

Forecasts of annual average water supply demand
published in the 1990 (Holmes and Steiner, 1990),
1995 (Mullusky ef al., 1996), 2000 (Hagen and Stein-
er, 2000), and 2005 (Kame’'enui et al., 2005) water
resource adequacy studies, as well as older forecasts
from other agencies, have declined over time (Figure
3). The 2005 CO-OP forecast predicts an annual aver-
age WMA demand of 572 mgd (2.16 million m3/d) in
2025, representing a 17 percent increase over 2005
demand levels but still less than the older forecasts.
Of the CO-OP forecasts, the 1990 forecast predicts

TABLE 3. Estimated Effects of the Energy Policy Act of 1992 on WMA Toilet and Shower Household Water Use.

1990 2000 2010 2020
Household Toilet Use, gallons per day 45 40 33 28
Household Shower Use, gallons per day 33 31 29 28
Total Household Toilet and Shower Use, gallons per day 78 7 62 56

Washington metropolitan area population and population forecast, average annual water demand,
and demand forecasts

1000 5.0
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5 forecast, 2025
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Figure 3. Washington Metropolitan Area Population, Average Annual Water Demand, and Demand Forecasts.
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higher demands than both later forecasts and is high-
er than the demands that were actually realized.

Changes in the unit use factors and in demograph-
ics help explain the differences in the forecasts. The
actual unit use factors calculated in the 1990 (Holmes
and Steiner, 1990), 2000 (Hagen and Steiner, 2000),
and 2005 (Kame’enui et al.,, 2005) demand studies
(based on the years 1988, 1998, and 2004) are com-
pared in Table 2. These factors show that on average,
unit use from 1988 to 2004 dropped by 29 percent for
single-family housing, by almost 29 percent for multi-
family housing, and by about 4 percent for employees.
Changes in demographic information account for a
portion of the remaining difference in forecasts. The
household and employee forecasts for the 1990
(Holmes and Steiner, 1990) and 2000 (Hagen and
Steiner, 2000) water demand studies are compared in
Table 4. The numbers of households and employees
were forecast in 1990 to be higher than those actually
realized, with the number of system households in
2000 about 6.4 percent less than predicted in the 1990
study (Holmes and Steiner, 1990) and the numbers of
employees about 11.3 percent less.

The slopes of the first three ICPRB forecasts are
nearly identical in Figure 3, and while the forecasts
were shifted down at each reevaluation, it appears

that the results contradict the historical data, which
show a clear concave downward trend and clearly
indicate that growth in demand has leveled off in
recent years. This trend is contrary to the relatively
constant rate of population growth. In addition, all
water demand forecasts for the WMA from the 1970s
through the 1990s overpredict demand (Figure 3).
Water managers in the WMA have voiced a prefer-
ence for conservative estimates of variables that
become factors in the water demand forecast, espe-
cially in the face of the rapid growth experienced in
the WMA (Figure 3). For example, water utility tech-
nical staff in the WMA discouraged CO-OP from
adjusting unit use rates to account for the effects of
the federal Energy Policy Act for the 2005 study. The
staff preferred to plan for the higher estimate of
future demands and viewed their preference as reflec-
tive of their responsibility to provide a safe and reli-
able source of water supply. Additionally, staff cited
climate variability and the possibility of droughts that
are worse than those recorded as reasons to estimate
demands conservatively. While these factors are con-
servative, water managers must balance the risk of
inadequate water service with the possibility of excess
capacity and associated unnecessarily higher costs.

TABLE 4. Household and Employee Forecasts.

Number of Households Number of Employees
by Forecast Year by Forecast Year
1990 2000 2010 1990 2000 2010
Washington Aqueduct Division

1990 Study 390,395 410,014 421,405 1,033,627 1,173,505 1,267,627
2000 Study 379,155 368,702 395,599 1,043,799 1,006,502 1,119,352
Difference (percent) -2.9 -10.1 -6.1 1.0 -14.2 -11.7

Fairfax Water
1990 Study 370,240 482,971 539,508 416,362 626,406 785,989
2000 Study 361,276 455,882 551,776 460,011 614,250 774,132
Difference (percent) -2.4 -5.6 2.3 10.5 -1.9 -1.5

Washington Suburban Sanitary Commission

1990 Study 509,320 594,772 662,749 700,586 874,181 1,043,860
2000 Study 503,120 568,455 638,880 696,250 751,561 894,460
Difference (percent) -1.2 -4.4 -3.6 -0.6 -14.0 -14.3

System Total
1990 Study 1,269,955 1,487,757 1,623,662 2,150,575 2,674,092 3,097,476
2000 Study 1,243,551 1,393,039 1,586,255 2,200,060 2,372,313 2,787,944
Difference (percent) -2.1 -6.4 -2.3 23 -11.3 -10.0

Note: Data from the 1990 Study (Holmes and Steiner, 1990) and the 2000 Study (Hagen and Steiner, 2000).
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Conducting these studies on a regular five-year
interval provides a mechanism for updating the unit
use factors and demographic forecasts. While earlier
forecasts may have been too high, the forecast inter-
val of five years allows an opportunity to modify pro-
jections as demographic forecasts and water use rates
change.

METHOD FOR ASSESSING
RESOURCE ADEQUACY

The resource analysis is used to determine how
well the regional resources can meet the forecasts of
future demands. The method used for this analysis
evolved from simple comparisons of cumulative
deficits versus total system resources (Holmes and
Steiner, 1990) to the use of the Potomac Reservoir and
River Simulation Model (PRRISM) in later years.
PRRISM simulates coordinated management of the
reservoirs and incorporates associated conjunctive
gains in system resources (Prelewicz, 2004). Assess-
ing conjunctive gains is an important improvement in
the resource analysis because it allows the efficiency
gains from cooperative management to be incorporat-
ed into the analysis (Hirsch et al., 1977; Palmer et
al., 1979). It also provides a more realistic representa-
tion of how the system would operate during drought
conditions.

PRRISM is a deterministic simulation model that
incorporates the daily operating rules of the system of
reservoirs for the WMA. The original version of
PRRISM, called the Potomac River Interactive Simu-
lation Model, was developed at Johns Hopkins Uni-
versity by Richard Palmer and colleagues (Palmer et
al., 1979). This model was instrumental in obtaining
consensus for the cooperative arrangement agreed to
in the Water Supply Coordination Agreement. The
most recent version of PRRISM was developed for the
demand and resource studies using the object-orient-
ed programming language Extend™ (Imagine That!,
2005) and is conceptually similar to the original
model developed in the late 1970s; both models use a
water balance at the reservoirs and simulate flows
over the period of record.

PRRISM models Jennings Randolph Reservoir in
the headwaters of the Potomac River basin, Little
Seneca Reservoir in the WMA, and Potomac flow
upstream and downstream of the WMA. PRRISM also
models the Occoquan and Patuxent reservoirs, which
provide about 25 percent of the total water supplied
in the WMA. An outline of PRRISM’s modeling com-
ponents, inputs, and outputs is presented in Table 5.
The model can be used to determine how the current
or modified system of reservoirs and the Potomac
River would respond to current or future demands
given the current reservoir operating procedures and
the historical record of streamflow.

TABLE 5. Inputs and Outputs for the Potomac River and Reservoir System Model (PRRISM).

Modeled System

Components Inputs

Outputs

Reservoirs
¢ Jennings Randolph
* Savage
o Little Seneca
¢ Patuxent
e Occoquan

Water Withdrawals For

* Historic Streamflow (1929-2002)

¢ Historic Reservoir Inflow

® Forecast Year (annual demand as
determined by demand study)

¢ Daily Reservoir Volumes

¢ Reservoir Release Rates

e Overall Efficiency of the Jennings
Randolph and Seneca Releases

o Number of Days of Releases

-e Potomac River Flow Upstream and

Downstream of the Water Supply
Intekes

® Washington Aqueduct Division

¢ Fairfax County Water Authority
¢ Washington Suburban Sanitary Commission

® Seasonal Demand Pattern (choice of
simulating different years’ patterns
of daily demand)

® Choice of water supply alternatives

¢ Restriction Percentages and Trigger
Level

¢ Potomac “Natural” Flow (that flow
unaffected by upstream human
activities)

® Magnitude and Frequency of Low
Flows
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PRRISM is run in a continuous mode through 72
years of historical reservoir inflow and Potomac River
flow records on a daily time step. Continuous model-
ing allows for an examination of the effects of multi-
year droughts.on reservoir storage. The drought of
1930 to 1931 is the longest drought included in the
historical record, lasting from the summer through
the fall and winter of 1930 to 1931 and causing the
largest depletion of modeled storage. The 1966
drought was not as lengthy but resulted in the lowest
adjusted Potomac River flow of 388 mgd (1.47 million
m3/d) as calculated by the United States Geological
Survey (USGS) for the Little Falls gage (USGS, 2001).
The 388 mgd (1.47 million m3/d) flow is equal to a
gage flow of 98 mgd (0.37 million m3d) plus upstream
diversions of 290 mgd (1.10 million m3/d) for munici-
pal use.

Seasonal demands in the WMA are also highly
variable; the extremes include summer demands dur-
ing the 1990s rising to as much as 741 mgd (2.80 mil-
lion m3/d) in June 1999, a drought year, and in winter
periods dropping down to as low as 348 mgd (1.32 mil-
lion m3/d) in January 1993. Given this range of
demands, assessing the adequacy of WMA resources
is dependent on modeling the daily and seasonal
demand pattern in PRRISM.

Forecasts of annual average demands are convert-
ed to forecasts of daily patterns of demand by using a
model that relates historical weather and other vari-
ables to daily demand.

Daily variability in demands affects the efficiency
of upstream reservoir releases. Reservoir releases
from Jennings Randolph can take up to nine days to
reach the intakes, and in a nine-day time frame, his-
torical system demand has dropped by as much as
242 mgd (0.916 million m3/d) (August 15 through 24,
1997). In both model runs and actual operations, if

water is released from Jennings Randolph Reservoir
and demand is lower than predicted, then flow
exceeds the minimum flow recommendation. (From
the water supplier perspective, this is an inefficient
operation, but it should be noted that the variation in
flow echoes natural variability and can be viewed as a
net benefit to the environment.) Alternatively, if
water is released from Jennings Randolph Reservoir
and demand is higher than predicted, then the extra
demand must be met with releases from Little Seneca
Reservoir, requiring a day of travel time to the most
downstream water supply intake. In operations and
model algorithms, the storage remaining in Jennings
Randolph and Little Seneca reservoirs is managed by
conjunctive use algorithms.

RESULTS OF RESOURCE
ADEQUACY ANALYSIS

Results from the most recent resource analysis con-
ducted in 2005, indicate that the existing system can
meet forecasted 2025 through 2045 water supply
demand during a repeat of the drought of record
(1930) without depleting all reservoir storage (Table
6). Various scenarios were examined to explore the
sensitivity of the system, including development of a
stochastic streamflow record to explore how the sys-
tem would respond to a drought more severe than
that in the historical record (Table 6). The system
meets forecasted 2020 demand throughout a simula-
tion of 500 years of stochastic streamflow, although
mandatory restrictions are required in 1.1 percent of
years and emergency restrictions are implemented in
0.6 percent of years.

TABLE 6. Results of Year 2000 Demand Forecast Study.

Scenario

Minimum Combined Water Supply Storage in
All Reservoirs, Billion Gallons, Plus or Minus
One Standard Deviation (percent full)

‘;Most likely” estimate of 2025 demands, simulation

of historical streamflow record

“High” estimate of 2025 demands, simulation
of historical streamflow record

“Most likely” estimate of 2045 demands, simulation

of historical streamflow record

“Most likely” estimate of 2020 demands, simulation

of 500 years of synthetic (stochastic) streamflow

12.0 + 0.2 (23 percent)

10.3 + 0.4 (20 percent)

6.7 + 0.3 (13 percent)

2.0 + 0.2 (6 percent)

Note: Data from Kameenui et al. (2005).
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BENEFITS OF FIVE-YEAR CYCLE

The five-year interval provides benefits obviously
realized for the demand forecast, as the interval is
appropriate for capturing changes in demographic
trends and projections and updating the unit use
numbers using observed quantities. The interval is
just as important for the resource adequacy analysis
as discussed in more detail below.

Improvements to Modeling Tools and Understanding
of Physical System

The five-year interval is influential for the resource
adequacy analysis, allowing significant improvements
in the methodology and improved understanding of
the physical system to be incorporated into subse-
quent analyses. As each study is conducted, questions
about the physical system are raised that can be
investigated and then incorporated into the next
round of analysis.

In 1999, actual drought operations showed that the
travel time from Jennings Randolph Reservoir to the
downstream water supply intakes is approximately
nine days, much longer than the four to five days orig-
inally assumed (Trombley, 1982). As the lead time for
release decisions is longer, so is the uncertainty of
demand and weather forecasts. As the Jennings Ran-
dolph release travels to the water supply intakes, a
chance thunderstorm somewhere downstream in the
basin can cause Potomac flow to increase, erasing the
need for the water supply release. Since releases must
be made based on both weather and demand fore-
casts, the accuracy of release decisions is diminished,
causing reservoir storage to be depleted more quickly
than it would otherwise. This decreased efficiency of
reservoir operations was incorporated into the 2000
study (Hagen and Steiner, 2000).

Another critical question is the level of upstream
consumptive water use. Given that the Potomac River
basin upstream of the WMA is not heavily populated,
resource adequacy analyses done in 1990 (Holmes and
Steiner, 1990) and 1995 (Mullusky et al., 1996)
assumed that upstream consumptive use was
insignificant. This assumption was examined in a
study sponsored by the Maryland Department of the
Environment that estimated current and future con-
sumptive use in the basin due to industrial, commer-
cial, municipal, thermoelectric, mining, livestock, and
irrigation demand (Steiner et al., 2000). The study
found that consumptive use in 2000 upstream of the
WMA was significant, estimated at 129 mgd (0.49
million m3/d) for a hot and dry summer day and
expected to grow to 149 mgd (0.56 million m3/d in
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2020. This understanding of the significance of
consumptive water use was incorporated into the
resource analysis study conducted in 2000 (Hagen
and Steiner, 2000). Historical river flows were adjust-
ed to account for current and projected levels of
upstream consumptive use. This reduction in histori-
cal flows during the critical drought period of 1930
affected decreased the projected time when resources
may be stressed.

After the 2000 study (Hagen and Steiner, 2000),
the decision was made to more explicitly model the
water quality operations of the Jennings Randolph
Reservoir and Savage Reservoir in the North Branch
Potomac basin. These reservoirs are operated by the
USACE for water quality improvements by increasing
summertime low flows with releases typically in the
150 mgd to 300 mgd (0.5 million to 1 million m3/d)
range. When water supply releases are called for by
CO-OP, the USACE typically reduces its water quality
release to 77 mgd (0.29 million m3/d). The version of
PRRISM used in the 2000 study (Hagen and Steiner,
2000) conservatively assumed the minimum release
from water quality storage at all times. Since that
time, substantial effort went into the calibration of a
model of the USACE’s North Branch water quality
operations that was incorporated into the current ver-
sion of PRRISM. North Branch water quality opera-
tions usually result in higher releases from the North
Branch than the minimum 77 mgd (0.29 million m3/d)
release, which offsets the timing and magnitude of
reservoir releases needed from water supply storage.
Including the effects of North Branch water quality
operations increases historical yield by approximately
29 mgd (0.11 million m3/d).

When regulatory, environmental, or other water
quantity questions are raised, the tools, expertise, and
results are immediately accessible and information is
available to answer questions about water supply and
river flow. Without this ongoing commitment to
assessment of system resources, such analyses would
be difficult to conduct in a timely manner.

Improvements in Policy and Management

Policy and management questions were raised and
addressed in successive demand and resource studies.
Each study improved through the dialogue facilitated
through interaction with the stakeholder community.

A key policy/management question examined by
utility managers was whether to plan to meet unre-
stricted demand. The 1990 (Holmes and Steiner,
1990) and 1995 (Mullusky et al., 1996) planning stud-
ies assumed unrestricted demands when assessing
the ability of resources to meet projected demands.
During quarterly meetings of the water suppliers at
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ICPRB prior to the 2000 demand study (Hagen and
Steiner, 2000), water managers began discussing
trade offs between periodic restrictions during
drought years and gains in long term water supply
reliability. Before this discussion could be resolved,
actual drought events intervened. During the drought
of 1999, the governor of Maryland established
statewide mandatory restrictions. These restrictions
were implemented uniformly across the state. These
restrictions were in conflict with an assessment by
water managers in the WMA that the available sup-
ply was more than adequate to meet current levels of
unrestricted demands. Elected officials in Virginia
and Washington, D.C,, chose not to implement restric-
tions in the WMA, citing the water managers’ assess-
ment of resource reliability. Residents on the
Washington, D.C., side of Eastern Avenue could water
lawns, but those on the Maryland side could not,
which was confusing to the public since all jurisdic-
tions used the same source of water. While restric-
tions would not increase Potomac River flow (the river
is controlled to meet a minimum flow recommenda-
tion), restrictions would increase the amount of stor-
age left in Little Seneca Reservoir in Montgomery
County, Maryland.

Little Seneca Reservoir had not been used as a
water supply reservoir since its construction in 1981.
The area surrounding the reservoir had been devel-
oped with townhouses and single-family homes, and
the lake itself had become a valuable local
recreational resource. Montgomery County politicians
preferred not to use the water supply reservoir until
water users in Maryland, Washington, D.C., and Vir-
ginia (all of whose residents had paid for the construc-
tion of the reservoir) restricted their water use. While
issues of equity and fairness were debated, the contro-
versy was eventually ironed out in closed door meet-
ings of the WMA politicians, who agreed to implement
restrictions per a compromise that was codified in a
regional drought plan (MWCOG, 2000). While water
resource managers would prefer that the compromise
be motivated by more idealistic concern over long-
term water supply reliability, the accommodation of
recreational interests and homeowner property values
at Little Seneca Reservoir through the regional com-
promise has a corollary benefit: it increases the long-
term water supply reliability with a relatively minor
reduction in level of service. The resource assessment
of the 2000 demand study (Hagen and Steiner, 2000)
was modified to mirror this regional policy, modeling
voluntary reduction in demand when the reservoirs
reached 60 percent full. Future water resources mod-
eling and analysis could be done to more explicitly
examine the tradeoffs among various demand reduc-
tion triggers and gains in water supply reliability and
implemented through an educational campaign.
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The relatively short interval between studies
allows sufficient time to begin the planning process
for meeting future water supply needs in the event a
shortfall is forecast. The conclusions of the 2000 study
(Hagen and Steiner, 2000) state that under the most
likely growth scenario, current resources met 2020
levels of demand with about 18 percent remaining
storage in the Potomac reservoirs and met 2030
demands with about 9 percent remaining. That mod-
eled reservoir storage dropped to relatively low levels
was enough to trigger evaluation of water supply
alternatives. Water managers did not wish to fully
deplete reservoir storage, even in a planning context,
and as a result began exploring various water supply
alternatives in feasibility studies. FCWA led a study
funded by the USEPA of the viability of several new
water supply alternatives such as the use of an aban-
doned quarry for water supply storage. Concurrently,
and at the request of the WMA water suppliers, CO-
OP investigated the feasibility of improvements to
operational efficiency, regional benefits associated
with various structural alternatives, and demand
management alternatives. The subsequent 2005 study
(Kame’enui et al., 2005) showed that the existing sys-
tem remains adequate to meet future demand
through 2025.

Interaction With Stakeholder Community

The iterative and cooperative nature of this work
enhances regional understanding of the WMA water
supply issues and provides a comprehensive body of
knowledge about regional water supply reliability.
The five-year cycle provides a rationale for CO-OP
interaction with utilities, planning agencies, and

- interested stakeholders for substantial information

input, further integrating them into the process.
C0O-OP’s involvement with the League of Women
Voters’ study of water supply is an example of this
interaction with stakeholder groups outside the water
utilities. The League of Women Voters used the
results of the 1995 resource adequacy study (Mul-
lusky et al., 1996) as a motivation and basis for its
report on water supply prospects and options in the
WMA for the 21st Century (League of Women Voters
of the National Capital Area Water Supply Task
Force, 1999). The report, developed with input and
participation from CO-OP staff, included several
recommendations for improvements to future
resource adequacy studies by CO-OP. Suggestions
included: (1) incorporating changes in predicted per
capita water use over time due to the effects of conser-
vation, especially with regard to water conserving
technologies mandated by the Federal Energy Policy
Act of 1992; (2) modeling the effects of reduced
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demand due to the effects of voluntary and mandatory
water use restrictions; (3) addressing reservoir silta-
tion as a factor in reducing the volume of storage
available in future years; and (4) providing a more
sophisticated treatment of the level of detail of mod-
eled upstream reservoir operations in the resource
analysis. While these improvements were already
planned by CO-OP for the 2000 study that was then
under way, the interaction between CO-OP and the
League of Women Voters enabled a collaborative
understanding of the issues at hand and enhanced
regional support of the overall study process.

CONCLUSIONS AND FUTURE WORK

The five-year interval has proven to be rewarding.
Taken together, the studies present an evolving
understanding of regional water supply reliability and
are the basis of a comprehensive body of knowledge.
The iterative nature of the work allows for a forum for
cooperation and interaction among the WMA water
suppliers and provides regular updates and incorpo-
ration of recent demographic forecasts.

For the time between studies, the tools and exper-
tise that are developed for the demand studies are
immediately accessible (they are maintained and
improved for use in the next study) and can be used
or modified to answer regulatory, environmental,
or other water quantity questions as they arise.
The interval provides an opportunity to reevaluate
previous assumptions, both technical and policy, trig-
gered by multiple passes at the resource adequacy
analysis. Research and refinement of the technical
tools is pursued with input from various experts,
allowing significant improvements in the methodology
and improved understanding of the physical system to
be incorporated into subsequent analyses.

Policy and management questions are raised and
addressed in successive demand and resource studies.
Each study is improved through the dialogue between
policy and engineering that is facilitated through
interaction with the stakeholder community. The iter-
ative and cooperative nature of this work enhances
regional understanding of the WMA water supply
issues by the stakeholder community, keeping the
public and local governments involved and informed
on regional water supply issues.

In the event that future resources are found want-
ing, the interval provides an adequate lead time for
the water utilities, ICPRB, and other stakeholders to
begin planning for new water supply alternatives.
The same tools used in the studies for the resource
assessment can be used to evaluate the system bene-
fits of water supply alternatives.
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Future demand and resource studies will continue
to consider a stochastic analysis to quantify the risks
of experiencing a drought that is more extreme than
the historical observed droughts, to better quantify
the versatility of the existing system. While such an
analysis will not directly address or quantify possible
changes due to climate variability or climate change,
this analysis will begin to address the additional
uncertainty introduced by potential changes in cli-
mate on the management of water resources and will
allow for testing alternative designs and policies
against a larger range of flow sequences that are like-
ly to occur in the future beyond that of just the histor-
ical flow sequence (Loucks et al., 1981). Additional
study is warranted to examine the effects of variabili-
ty of climate on WMA water resources.

Prior studies used unit use methods for demand
forecasts. Because past studies show that resources
may be strained in the future due to demand growth,
it is appropriate to consider more comprehensive fore-
cast methods. More comprehensive studies can be
useful for evaluating demand-side management
strategies such as pricing or conservation alternatives
and can provide a more quantitative evaluation of
risk and uncertainty.

Future work could be done to more explicitly exam-
ine the tradeoffs between various demand reduction
triggers and gains in water supply reliability and
implemented in an educational campaign. Such is the
opportunity afforded in the intervals between demand
studies.
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Noise

Noise is usually measured in decibels. A decibel (dB) is a unit for expressing the relative intensity of
sounds on a scale from zero for the average least perceptible sound to about 130 for the average pain
level. Each 10 dB increase equates to a doubling of the noise energy and the perceived loudness. A
change of at least 3 dB is necessary before most listeners can perceive a change in sound levels. The A-
weighted sound level (dBA) is the most generally used measure of the magnitude of noise. dBA tends to
de-emphasize both lower and higher frequency sounds so that sound levels are measured and
calculated in a manner that approximates the sounds heard by the human ear.

Effects of noise vary according to the sound energy.

Effects of Noise Levels:

Noise Level (dBA) Effect

55-64 Annoyance

65-69 Communication interference
70-79 Muscles and glands react
Above 80 Changed motor coordination

65 dBA is recognized as the sound level of speech outdoors. Noise above 65 dBA prevents people from

communicating in a normal tone of voice.

Common Sounds/Noise Levels:

Outdoor dBA Indoor
Threshold of pain 130 Threshold of pain

110 Rock band at 5m
Pneumatic hammer 100 Subway train
Gas lawn mower at 1m 95

50 Food blender at 1m
Downtown (large city) 80 Garbage disposal at 1m

75 Shouting at 1m
Lawn mower at 30m 70 Vacuum cleaner at 3m
Commercial area 65 Normal speech at 1m
Air conditioning unit 60 Clothes dryer at 1m
Babbling brook 55 Large business office
Quiet urban (daytime) 50 Dishwasher (next room)
Quiet urban (nighttime) 40 Library
Threshold of hearing 0 Threshold of hearing

Noise drop-off from a noise source can be calculated using the following formula:
Decibel reduction = 10[log,, (distance/15 meters)]

The formula uses a drop-off rate of 3.0 dBA for each doubling of distance. The reference receiver

distance is 15 meters, or 49.2 feet.

Joe Gorney
February 9, 2010
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Tenasica VinGinia GENERATING StaTion

Plant Facts Project Benefits
Location: 2300 Branch Rd. Capaci
Scottsville, Virginia 24590 v .
(Fluvanna County) 885 megawatts to meet the electric energy needs of up to
885,000 homes.
Purpose: Converting natural gas to electricity
Reliable Generation

Size: 885 megawatts
Available more than 96 percent of the scheduled time in 2008.

Commercial
Operation: May 2004 Clean Power Generation
Owner: Tenaska Virginia Partners, L.P Meets all applicable environmental permits and standards.
Energy Production Uses clean burning natural gas along with Best Available

Customer: Shell Energy North America (US), L.P Control Technology (BACT) to insure low emissions and
environmentally-responsible operation.
Permanent

Employment: 28 well paying, full-time positions Employment
28 well paying, full-time positions to operate the plant.

Economic Impact
Approximately $4.3 million per year in salaries and payments
for locally contracted services and supplies.

ATTACHMENT 7b

Continued on back page



TEnasin Vircinia Generarivg Starion

Tenaska Virginia Partners, L.P.

Local and State Tax Revenue

Plant’s owner ranks as a top tax payer in Fluvanna County and
is projected to pay millions of dollars in property taxes in the
county over the operational life of the plant. At the same time,
the plant has little demand for local services, such as police,
fire or roads.

® Through 2008, the Tenaska Virginia Generating Station
paid approximately $7 million in property taxes.

® Tenaska paid more than $485,000 in mortgage recording
taxes to the Commonwealth, which provided $120,000
direcdy to Fluvanna County.

Safety
Recipient of a National Safety Council award for an
outstanding safety record in 2008.

Citizenship

Involvement occurs both at the corporate and individual levels.

Examples:

© Tenaska sponsors a college scholarship program to benefic
local high school students, including scholarship funds
earmarked for local students attending Piedmont Virginia
Community College. To date, 39 students in Fluvanna and
Buckingham counties have received $25,000 in college
scholarships.

7122109

@ Donated $43,000 to purchase three thermal imaging
cameras for the Fluvanna County Volunteer Fire
Department.

® Donates to local elementary, middle school and high school
programs, and hosts educational tours for students at all
levels, including college.

@ Tenaska Virginia employees participate in local
Thanksgiving food drives and Christmas toy collection
programs benefitting many Fluvanna County families.

@ Employees donated more than 1,500 hours in 2008 to
support local community and charitable projects.

@ Received the 2008 Virginia Governor’s Volunteerism and
Community Service Award for employee involvement in
elementary and middle school tutoring and mentoring
programs.

@ Received the 2008 Regional Creating Excellence Award
from the Virginia Department of Education for its support
of career and technical education, including working with
the Fluvanna County High School robotics team for the
Virginia Tech Challenge.

Industry Recognition
Named One of Six Top Gas Plants Worldwide by POWER
Magazine.









DRAFT

PROFFER STATEMENT

GEP/S HYBRID ENERGY PARK

ZMAP 2009-0005, SPEX 2009-0009 & CMPT 2009-0001

August 20, 2009
Revised November 20, 2009
Revised January 6, 2010

Green Energy Partners/Stonewall, LLC, applicant, together with Evergreen Loudoun
— One Limited Partnership, record owner of Loudoun County Tax Map 60, Parcels 38 (42.47
acres) and 38A (.32 acre) (MCPI 193-38-4362 and 193-49-0539), and John A. Andrews,
Trustee, record owner of Loudoun County Tax Map 61, Parcel 12 (30.89 acres) (MCPI 193-39-
3665) and LTI Limited Partnership, record owner of Loudoun County Tax Map 60, Parcel 39
(15.20 acres of 59.94 acres MCPI 194-48-6020) and Loudoun County Tax Map 61, Parcel 14
(11.96 acres) (MCPI 193-29-6778), collectively the “Subject Property” consisting of a total of
approximately 101 acres, (the above referenced record owners and applicant shall hereafter be
referred to as the “Applicant”), hereby voluntarily proffers, pursuant to Section 15.2-2303 of the
Code of Virginia (1950), as amended, and the Revised 1993 Zoning Ordinance of Loudoun
County, Virginia (hereinafter referred to as “Zoning Ordinance”), as amended, that in the event
the Loudoun County Board of Supervisors approves ZMAP 2009-0005, to change the zoning
designation of the Subject Property to the Planned Development — General Industry (“PD-GI”)
zoning district and as more particularly shown on the Concept Plan/ZMAP/SPEX/CMPT Plat
(identified below), the development of the Subject Property will be in substantial conformity

with the following proffered terms and conditions.

L LAND USE
1. CONCEPT PLAN/ZMAP/SPEX/CMPT PLAT
The development of the Subject Property shall be in substantial conformity with the
plans titled “Green Energy Partners/Stonewall Hybrid Energy Park Zoning Map
Amendment Application 2009-0005, Special Exception Application 2009-0009 &
Commission Permit Application 2009-0001”, consisting of Sheets 1, 2, 5 and 6, dated
July, 2009, and revised through December 30, 2009, prepared by William H. Gordon

ATTACHMENT 8
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IL

Associates, Inc. (“Concept Plan”), the development of the Subject Property shall be in
substantial conformance with the conditions set forth below. The Concept Plan shall
control the general development layout of the Subject Property. The Applicant shall
have reasonable flexibility in the final design during site plan review to accommodate
final engineering. The Applicant shall develop the Subject Property in accordance
with the PD-GI Zoning District, as amended, including the following special
exception use, if approved, utility generating plant and transmission facility.

TRANSPORTATION
2. ON-SITE PRIVATE TRAVELWAYS

The Applicant shall construct all on site travelways on the Subject Property in the
locations as shown on the Concept Plan, and in accordance with the County of
Loudoun’s Land Subdivision and Development Ordinance (“LSDO”) and Facilities
Standards Manual (“FSM”), as may be applicable, to provide on-site access to the
Subject Property. Prior to approval of the first site plan for the Subject Property
emergency ingress and egress easements will be created and established on all on-site

travelways on the Subject Property by the recordation of a deed or deeds of easement
approved by the County Attorney, which shall provide that the Applicant shall be
responsible for the construction, repair and maintenance of said travelways and that
neither the County nor VDOT shall have any such responsibility. The Applicant shall
construct the on-site private travelways providing access to the Subject Property from
Sycolin Road (State Route 643) in conformance with the LSDO and the FSM and
shall construct, or bond for construction, the new Sycolin Road entrance in
conformance with Virginia Department of Transportation (“VDOT”) minimum
standards as determined at time of first site plan approval.

. GANT LANE (ROUTE 652) RIGHT-OF-WAY RESERVATION

The Applicant shall reserve for future dedication to the County, as public right of
way, land on the Subject Property and also along the Subject Property’s frontage in

amounts sufficient to provide a maximum Gant Lane (State Route 652) right-of way
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width up to 50 feet within the Subject Property and up to a maximum of 25 feet to the
proposed centerline of Gant Lane along the Subject Property’s frontage for the
ultimate 50-foot road section of Gant Lane. The aforementioned dedication of
reserved rights-of-way shall be provided upon written request by Loudoun County
when these rights-of-way are needed for the widening of Gant Lane.

In addition to this reservation, the Applicant will grant at time of ultimate right-of-
way dedication all necessary easements outside of the right-of-way relating to road
construction and road maintenance for utilities, drainage and grading. The
aforementioned dedication of reserved rights-of-way shall be provided upon written
request by Loudoun County when these rights-of-way are needed for the widening of
Gant Lane.

In light of the presence of sensitive environmental features, habitat and 100-year
floodplain present along Gant Lane, no further road improvements along Gant Lane
shall be constructed within the 100-year floodplain.

. CONSTRUCTION TRAFFIC

Prior to the first site plan approval for the Subject Property, the Applicant shall
coordinate with VDOT and Loudoun County to develop a delivery and construction
traffic plan for construction-related access on the permanent private travelway access
point on Sycolin Road.

. RESERVATION OF RIGHT-OF-WAY FOR FUTURE DEDICATION -

COCHRAN MILL ROAD. RELOCATED.

The Applicant shall reserve for future dedication a strip of right-of-way up to
seventy-feet (70°) in width, for possible future dedication to Loudoun County for that
portion of the Cochran Mill Road Relocated alignment in conformance with the
Countywide Transportation Plan and in the area as more particularly shown on Sheet
5 of the Concept Plan. This reservation shall last for a period of twenty-one (21)

{L0186848.DOC / 3 Draft Proffer Statement 006399 000003}
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II1.

years from the date of approval of ZMAP 2009-0005 and shall thereafter immediately
terminate. At any time during the 21-year reservation period, Loudoun County may
request dedication of this right-of-way for Cochran Mill Road Relocated when
needed for actual construction of this new public road.

ENVIRONMENTAL
6. FEDERAL AND STATE PERMITS

Prior to construction of the utility generating plant and transmission facility proposed
in SPEX 2009-0005 and CMPT 2009-0001, the Applicant shall ‘obtain all of the
required federal and state permits necessary for the construction of the utility
generating plant and transmission facility, and shall provide the Department of

Building and Development with copies of these permits prior to site plan approval.

. BEST MANAGEMENT PRACTICES (BMP’s)

Development of the Subject Property shall incorporate low impact design and BMP
techniques to filter on-site run-off and protect the water quality of Sycolin Creek.
The low impact design and best management practices will include the appropriate
site-specific water control techniques recommended in the latest edition of the
Virginia Stormwater Management Handbook and the FSM.

. TREE SAVE AREAS AND REPLANTING AREAS

Prior to site plan approval, the Applicant shall coordinate with the County Forester to
develop a forest management plan, habitat commitments and replanting program for
the Tree Save Areas and Replanting Areas on the Subject Property.

. .RIVERS AND STREAM CORRIDOR RESOURCES MANAGEMENT BUFFER

The Applicant shall preserve and protect existing trees, vegetation, and environmental
features within the Rivers and Stream Corridor Resources Management Buffer that
are not located within the Tree Save Areas. No land disturbing activity will be
permitted in these areas with the exception of disturbance necessary for road

{L.0186848.DOC / 3 Draft Proffer Statement 006399 000003}
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10.

11.

13.

construction, bridge installation, stormwater management, drainage improvements,
water, sanitary sewer, slope stabilization, wetlands mitigation, landscaping, or other
project utilities. The Applicant, its successors and/or assigns will be prohibited from
clearing any trees (other than invasive species, dead, dying or diseased trees) in the
Resources Management Buffer area, with the exceptions as stated above.

Prior to and during construction, to protect the Resources Management Buffer area,
the Applicant will use temporary chain link fencing or super silt fencing in lieu of the
plastic orange fencing required by the FSM. Chain link fencing will not be required

in areas employing super silt fencing.

WETLANDS MITIGATION

In the event the U.S. Army Corp of Engineers or DEQ determine, at the time of
construction plan approval, that any jurisdictional wetland area are affected by the
proposed development which require mitigation, the Applicant shall provide such
required mitigation, in order of preference, as follows: 1) on the Subject Property, 2)
within the Sycolin Run Watershed within the same Planning Policy Area, 3) within
the Sycolin Creek Watershed outside the Planning Policy Area, and 4) Loudoun
County, subject to approval by the U.S. Army Corp of Engineers and DEQ.

LIGHTING

The Applicant shall install lighting that is directed downward and inward, full cut off
and fully shielded, and in full conformance with Zoning Ordinance and FSM
requirements. All exterior luminaries shall be of a “shoebox” design and utilize cut-
off optics, where feasible. All luminaries shall be LE.S. (“Illuminating Engineering
Society”) Type V lenses that give circular light distribution for a maximum

coefficient of utilization.

SYCOLIN CREEK
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IV.

At the time of issuance of the first zoning permit, the Applicant will coordinate with
Keep Loudoun Beautiful to adopt a section of Sycolin Creek from Sycolin Road and
extending through the Subject Property for clean up of trash and debris during the
annual Keep Loudoun Beautiful River and Stream clean up day.

HISTORIC RESOURCES AND PARK EASEMENT
14. ARCHAEOLOGICAL SITES #441.D1326, #441LD1328 AND BARN #053-5278

Prior to and during construction, to protect the above-referenced historic resources,
the Applicant will use temporary chain link fencing or super silt fencing in lieu of the
plastic orange fencing required by the FSM. Chain link fencing will not be required

in areas employing super silt fencing.

15. LOWER SYCOLIN SETTLEMENT

At the time of issuance of the first zoning permit, the Applicant shall contribute
$10,000.00 towards the production of the narrative to document the collective history
of the post Civil War settlement of Lower Sycolin. This contribution shall be made
payable to Loudoun County.

16. PASSIVE PARK USES

Prior to site plan approval, the Applicant shall grant an easement to the County for
passive park uses on the north side of and adjacent to Sycolin Creek, as more

particularly shown on the Concept Plan,

FIRE, RESCUE AND EMERGENCY SERVICES
17. ONE-TIME CONTRIBUTION

The Applicant shall make a one-time contribution to the servicing fire and rescue
companies in the amount of Fifty Thousand Dollars ($50,000) at the time of issuance
of the first zoning permit and this contribution shall be divided equally between the
servicing fire and rescue companies. This one-time contribution shall be indexed

from a base year of 2010, based upon the Consumer Price Index for all urban
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18.

consumers (CPI-U), as reported by the United States Department of Labor, Bureau of
Labor Statistics and shall be paid at time of the first zoning permit issuance.

EMERGENCY PREPAREDNESS
The Applicant shall be responsible for providing first response to any emergency in

relation to the operation of the Facilities. The Applicant shall prepare at its own cost
an Emergency Preparedness Plan that Loudoun County must reasonable approve prior
to the implementation within one (1) year of initial operation of the Facilities. Prior to
issuance of the first occupancy permit, the Applicant shall contact the Department of

Fire, Rescue and Emergency Management to discuss emergency operations plans.

V1.  BINDING EFFECT
19. BINDING EFFECT

The undersigned hereby warrants that all of the owners of a legal interest in the
Subject Property have signed this Proffer Statement, that no signature from any third
party is necessary for these Proffers to be binding and enforceable in accordance with
their terms, that the undersigned has full authority to bind the Subject Property to
these conditions, and that this Proffer Statement is entered into voluntarily.

[SIGNATURE PAGES FOLLOW THIS PAGE]
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GREEN ENERGY PARTNERS/STONEWALL,
LLC
BY:
NAME:
TITLE:
STATE OF
CITY/COUNTY OF : to-wit:

The foregoing instrument was acknowledged before me, this
, 2010, by , as

day of
, of

Green Energy Partners/Stonewall, LLC

Notary Public

My Commission Expires:

{L0186848.DOC / 3 Draft Proffer Statement 006399 000003}
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EVERGREEN LOUDOUN - ONE LIMITED
PARTNERSHIP
BY:
NAME:
TITLE:
STATE OF
CITY/COUNTY OF : to-wit:

The foregoing instrument was acknowledged before me, this
, 2010, by , as

day of
, of

Evergreen Loudoun — One Limited Partnership.

Notary Public

My Commission Expires:
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JOHN A. ANDREWS, TRUSTEE
BY:
NAME: JOHN A. ANDREWS, TRUSTEE
STATE OF
CITY/COUNTY OF : to-wit:

The foregoing instrument was acknowledged before me, this
, 2010, by John A. Andrews, Trustee.

day of

Notary Public

My Commission Expires:
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LTI LIMITED PARTNERSHIP
BY:
NAME:
TITLE:
STATE OF
CITY/COUNTY OF : to-wit:
The foregoing instrument was acknowledged before me, this day of
, 2010, by , @8 , of LTI
Limited Partnership.
Notary Public
My Commission Expires:

{L0186848.DOC / 3 Draft Proffer Statement 006399 600003}



Noise

Noise is usually measured in decibels. A decibel (dB) is a unit for expressing the relative intensity of
sounds on a scale from zero for the average least perceptible sound to about 130 for the average pain
level. Each 10 dB increase equates to a doubling of the noise energy and the perceived loudness. A
change of at least 3 dB is necessary before most listeners can perceive a change in sound levels. The A-
weighted sound level (dBA) is the most generally used measure of the magnitude of noise. dBA tends to
de-emphasize both lower and higher frequency sounds so that sound levels are measured and
calculated in a manner that approximates the sounds heard by the human ear.

Effects of noise vary according to the sound energy.

Effects of Noise Levels:

Noise Level (dBA) Effect

55-64 Annoyance

65-69 Communication interference
70-79 Muscles and glands react
Above 80 Changed motor coordination

65 dBA is recognized as the sound level of speech outdoors. Noise above 65 dBA prevents people from

communicating in a normal tone of voice.

Common Sounds/Noise Levels:

Outdoor dBA Indoor
Threshold of pain 130 Threshold of pain

110 Rock band at 5m
Pneumatic hammer 100 Subway train
Gas lawn mower at 1m 95

90 Food blender at 1m
Downtown (large city) 80 Garbage disposal at 1m

75 Shouting at 1m
Lawn mower at 30m 70 Vacuum cleaner at 3m
Commercial area 65 Normal speech at 1m
Air conditioning unit 60 Clothes dryer at 1m
Babbling brook 55 Large business office
Quiet urban (daytime) 50 Dishwasher (next room)
Quiet urban (nighttime) 40 Library
Threshold of hearing 0 Threshold of hearing

Noise drop-off from a noise source can be calculated using the following formula:
Decibel reduction = 10[logyo (distance/15 meters)]

The formula uses a drop-off rate of 3.0 dBA for each doubling of distance. The reference receiver

distance is 15 meters, or 49.2 feet.

Joe Gorney
February 9, 2010
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Tenaswa Vircinua GEneraring Srarion

Tenaska Virginia Partners, L.P.

Plant Facts

Location:

Purpose:
Size:

Commercial
Operation:

Owner:

Energy Production
Customer:

Permanent
Employment:

2300 Branch Rd.
Scottsville, Virginia 24590
(Fluvanna County)

Converting natural gas to electricity

885 megawatts

May 2004
Tenaska Virginia Partners, L.R

Shell Energy North America (US), L.P.

28 well paying, full-time positions

Project Benefits
Capacity

885 megawatts to meet the electric energy needs of up to
885,000 homes.

Reliable Generation
Available more than 96 percent of the scheduled time in 2008.

Clean Power Generation

Meets all applicable environmental permits and standards.
Uses clean burning natural gas along with Best Available
Control Technology (BACT) to insure low emissions and
environmentally-responsible operation.

Employment

28 well paying, full-time positions to operate the plant.

Economic Impact
Approximately $4.3 million per year in salaries and payments
for locally contracted services and supplies.

ATTACHMENT 7b

Continued on back page



Venasion Vincinia GeNERATING STATION

Tenaska Virginia Partners, L.P.

Local and State Tax Revenue

Plant’s owner ranks as a top tax payer in Fluvanna County and
is projected to pay millions of dollars in property taxes in the
county over the operational life of the plant. At the same time,
the plant has little demand for local services, such as police,
fire or roads.

@ Through 2008, the Tenaska Virginia Generating Station
paid approximately $7 million in property taxes.

@ Tenaska paid more than $485,000 in mortgage recording
taxes to the Commonwealth, which provided $120,000
directy to Fluvanna County.

Safety
Recipient of a National Safety Council award for an
outstanding safety record in 2008.

Citizenship

Involvement occurs both at the corporate and individual levels.

Examples:

® Tenaska sponsors a college scholarship program to benefit
local high school students, including scholarship funds
earmarked for local students attending Piedmont Virginia
Community College. To date, 39 students in Fluvanna and
Buckingham counties have received $25,000 in college
scholarships.

7122109

® Donated $43,000 to purchase three thermal imaging
cameras for the Fluvanna County Volunteer Fire
Department.

® Donates to local elementary, middle school and high school
programs, and hosts educational tours for students at all
levels, including college.

@ Tenaska Virginia employees participate in local
Thanksgiving food drives and Christmas toy collection
programs benefitting many Fluvanna County families.

® Employees donated more than 1,500 hours in 2008 to
support local community and charitable projects.

@ Received the 2008 Virginia Governor’s Volunteerism and
Community Service Award for employee involvement in
elementary and middle school tutoring and mentoring
programs.

© Received the 2008 Regional Creating Excellence Award
from the Virginia Department of Education for its support
of career and technical education, including working with
the Fluvanna County High School robotics team for the
Virginia Tech Challenge.

Industry Recognition
Named One of Six Top Gas Plants Worldwide by POWER
Magazine.
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DRAFT

PROFFER STATEMENT

GEP/S HYBRID ENERGY PARK

ZMAP 2009-0005, SPEX 2009-0009 & CMPT 2009-0001

August 20, 2009
Revised November 20, 2009
Revised January 6, 2010

Green Energy Partners/Stonewall, LLC, applicant, together with Evergreen Loudoun
— One Limited Partnership, record owner of Loudoun County Tax Map 60, Parcels 38 (42.47
acres) and 38A (.32 acre) (MCPI 193-38-4362 and 193-49-0539), and John A. Andrews,
Trustee, record owner of Loudoun County Tax Map 61, Parcel 12 (30.89 acres) (MCPI 193-39-
3665) and LTI Limited Partnership, record owner of Loudoun County Tax Map 60, Parcel 39
(15.20 acres of 59.94 acres)(MCPI 194-48-6020) and Loudoun County Tax Map 61, Parcel 14
(11.96 acres) (MCPI 193-29-6778), collectively the “Subject Property” consisting of a total of
approximately 101 acres, (the above referenced record owners and applicant shall hereafter be
referred to as the “Applicant”), hereby voluntarily proffers, pursuant to Section 15.2-2303 of the
Code of Virginia (1950), as amended, and the Revised 1993 Zoning Ordinance of Loudoun
County, Virginia (hereinafter referred to as “Zoning Ordinance”), as amended, that in the event
the Loudoun County Board of Supervisors approves ZMAP 2009-0005, to change the zoning
designation of the Subject Property to the Planned Development — General Industry (“PD-GI”)
zoning district and as more particularly shown on the Concept Plan/ZMAP/SPEX/CMPT Plat
(identified below), the development of the Subject Property will be in substantial conformity

with the following proffered terms and conditions.

L LAND USE
1. CONCEPT PLAN/ZMAP/SPEX/CMPT PLAT
The development of the Subject Property shall be in substantial conformity with the
plans titled “Green Energy Partners/Stonewall Hybrid Energy Park Zoning Map
Amendment Application 2009-0005, Special Exception Application 2009-0009 &
Commission Permit Application 2009-0001”, consisting of Sheets 1, 2, 5 and 6, dated
July, 2009, and revised through December 30, 2009, prepared by William H. Gordon

ATTACHMENT 8
{L0186848.DOC / 3 Draft Proffer Statem



GEP/S Hybrid Energy Park
ZMAP 2009-0005, SPEX 2009-0009 & CMPT 2009-0001
Proffer Statement

Page 2

IL

Associates, Inc. (“Concept Plan”), the development of the Subject Property shall be in
substantial conformance with the conditions set forth below. The Concept Plan shall
control the general development layout of the Subject Property. The Applicant shall
have reasonable flexibility in the final design during site plan review to accommodate
final engineering. The Applicant shall develop the Subject Property in accordance
with the PD-GI Zoning District, as amended, including the following special
exception use, if approved, utility generating plant and transmission facility.

TRANSPORTATION
2. ON-SITE PRIVATE TRAVELWAYS

The Applicant shall construct all on site travelways on the Subject Property in the
locations as shown on the Concept Plan, and in accordance with the County of
Loudoun’s Land Subdivision and Development Ordinance (“LSDO”) and Facilities
Standards Manual (“FSM”), as may be applicable, to provide on-site access to the
Subject Property. Prior to approval of the first site plan for the Subject Property

emergency ingress and egress easements will be created and established on all on-site

travelways on the Subject Property by the recordation of a deed or deeds of easement
approved by the County Attorney, which shall provide that the Applicant shall be
responsible for the construction, repair and maintenance of said travelways and that
neither the County nor VDOT shall have any such responsibility. The Applicant shall
construct the on-site private travelways providing access to the Subject Property from
Sycolin Road (State Route 643) in conformance with the LSDO and the FSM and
shall construct, or bond for construction, the new Sycolin Road entrance in
conformance with Virginia Department of Transportation (“VDOT”) minimum
standards as determined at time of first site plan approval.

. GANT LANE (ROUTE 652) RIGHT-OF-WAY RESERVATION

The Applicant shall reserve for future dedication to the County, as public right of
way, land on the Subject Property and also along the Subject Property’s frontage in
amounts sufficient to provide a maximum Gant Lane (State Route 652) right-of way

{L0186848.DOC / 3 Draft Proffer Statement 006399 000003}



GEP/S Hybrid Energy Park
ZMAP 2009-0005, SPEX 2009-0009 & CMPT 2009-0001
Proffer Statement

Page 3

width up to 50 feet within the Subject Property and up to a maximum of 25 feet to the
proposed centerline of Gant Lane along the Subject Property’s frontage for the
ultimate 50-foot road section of Gant Lane. The aforementioned dedication of
reserved rights-of-way shall be provided upon written request by Loudoun County
when these rights-of-way are needed for the widening of Gant Lane.

In addition to this reservation, the Applicant will grant at time of ultimate right-of-
way dedication all necessary easements outside of the right-of-way relating to road
construction and road maintenance for utilities, drainage and grading. The
aforementioned dedication of reserved rights-of-way shall be provided upon written

request by Loudoun County when these rights-of-way are needed for the widening of
Gant Lane.

In light of the presence of sensitive environmental features, habitat and 100-year
floodplain present along Gant Lane, no further road improvements along Gant Lane
shall be constructed within the 100-year floodplain.

. CONSTRUCTION TRAFFIC

Prior to the first site plan approval for the Subject Property, the Applicant shall
coordinate with VDOT and Loudoun County to develop a delivery and construction
traffic plan for construction-related access on the permanent private travelway access
point on Sycolin Road.

. RESERVATION OF RIGHT-OF-WAY FOR FUTURE DEDICATION -

COCHRAN MILL ROAD, RELOCATED.

The Applicant shall reserve for future dedication a strip of right-of-way up to
seventy-feet (70°) in width, for possible future dedication to Loudoun County for that
portion of the Cochran Mill Road Relocated alignment in conformance with the
Countywide Transportation Plan and in the area as more particularly shown on Sheet
5 of the Concept Plan. This reservation shall last for a period of twenty-one (21)

{L0186848.DOC / 3 Draft Proffer Statement 006399 000003}



GEP/S Hybrid Energy Park
ZMAP 2009-0005, SPEX 2009-0009 & CMPT 2009-0001
Proffer Statement

Page 4

IIL.

years from the date of approval of ZMAP 2009-0005 and shall thereafter immediately
terminate. At any time during the 21-year reservation period, Loudoun County may
request dedication of this right-of-way for Cochran Mill Road Relocated when
needed for actual construction of this new public road.

ENVIRONMENTAL
6. FEDERAL AND STATE PERMITS

Prior to construction of the utility generating plant and transmission facility proposed
in SPEX 2009-0005 and CMPT 2009-0001, the Applicant shall obtain all of the
required federal and state permits necessary for the construction of the utility
generating plant and transmission facility, and shall provide the Department of
Building and Development with copies of these permits prior to site plan approval.

7. BEST MANAGEMENT PRACTICES (BMP’s)

Development of the Subject Property shall incorporate low impact design and BMP
techniques to filter on-site run-off and protect the water quality of Sycolin Creek.
The low impact design and best management practices will include the appropriate
site-specific water control techniques recommended in the latest edition of the
Virginia Stormwater Management Handbook and the FSM.

. TREE SAVE AREAS AND REPLANTING AREAS

Prior to site plan approval, the Applicant shall coordinate with the County Forester to
develop a forest management plan, habitat commitments and replanting program for

the Tree Save Areas and Replanting Areas on the Subject Property.

. .RIVERS AND STREAM CORRIDOR RESOURCES MANAGEMENT BUFFER

The Applicant shall preserve and protect existing trees, vegetation, and environmental
features within the Rivers and Stream Corridor Resources Management Buffer that
are not located within the Tree Save Areas. No land disturbing activity will be
permitted in these areas with the exception of disturbance necessary for road

{L0186848.DOC / 3 Draft Proffer Statement 006399 000003}



GEP/S Hybrid Energy Park
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construction, bridge installation, stormwater management, drainage improvements,
water, sanitary sewer, slope stabilization, wetlands mitigation, landscaping, or other
project utilities. The Applicant, its successors and/or assigns will be prohibited from
clearing any trees (other than invasive species, dead, dying or diseased trees) in the
Resources Management Buffer area, with the exceptions as stated above.

Prior to and during construction, to protect the Resources Management Buffer area,
the Applicant will use temporary chain link fencing or super silt fencing in lieu of the
plastic orange fencing required by the FSM. Chain link fencing will not be required

in areas employing super silt fencing.

10. WETLANDS MITIGATION

11.

In the event the U.S. Army Corp of Engineers or DEQ determine, at the time of
construction plan approval, that any jurisdictional wetland area are affected by the
proposed development which require mitigation, the Applicant shall provide such
required mitigation, in order of preference, as follows: 1) on the Subject Property, 2)
within the Sycolin Run Watershed within the same Planning Policy Area, 3) within
the Sycolin Creek Watershed outside the Planning Policy Area, and 4) Loudoun
County, subject to approval by the U.S. Army Corp of Engineers and DEQ.

LIGHTING

The Applicant shall install lighting that is directed downward and inward, full cut off
and fully shielded, and in full conformance with Zoning Ordinance and FSM
requirements. All exterior luminaries shall be of a “shoebox” design and utilize cut-
off optics, where feasible. All luminaries shall be 1.E.S. (“Illuminating Engineering
Society”) Type V lenses that give circular light distribution for a maximum

coefficient of utilization.

13. SYCOLIN CREEK

{L0186848.DOC / 3 Draft Proffer Statement 006399 000003}
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IV.

At the time of issuance of the first zoning permit, the Applicant will coordinate with
Keep Loudoun Beautiful to adopt a section of Sycolin Creek from Sycolin Road and
extending through the Subject Property for clean up of trash and debris during the
annual Keep Loudoun Beautiful River and Stream clean up day.

HISTORIC RESOURCES AND PARK EASEMENT

14.

15.

16.

ARCHAEOLOGICAL SITES #44LD1326, #44L.D1328 AND BARN #053-5278

Prior to and during construction, to protect the above-referenced historic resources,

the Applicant will use temporary chain link fencing or super silt fencing in lieu of the
plastic orange fencing required by the FSM. Chain link fencing will not be required

in areas employing super silt fencing.

LOWER SYCOLIN SETTLEMENT

At the time of issuance of the first zoning permit, the Applicant shall contribute
$10,000.00 towards the production of the narrative to document the collective history
of the post Civil War settlement of Lower Sycolin. This contribution shall be made
payable to Loudoun County.

PASSIVE PARK USES
Prior to site plan approval, the Applicant shall grant an easement to the County for

passive park uses on the north side of and adjacent to Sycolin Creek, as more

particularly shown on the Concept Plan.

FIRE, RESCUE AND EMERGENCY SERVICES

17.

ONE-TIME CONTRIBUTION

The Applicant shall make a one-time contribution to the servicing fire and rescue
companies in the amount of Fifty Thousand Dollars ($50,000) at the time of issuance
of the first zoning permit and this contribution shall be divided equally between the
servicing fire and rescue companies. This one-time contribution shall be indexed

from a base year of 2010, based upon the Consumer Price Index for all urban

{L0186848.DOC / 3 Draft Proffer Statement 006399 000003}
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18.

consumers (CPI-U), as reported by the United States Department of Labor, Bureau of
Labor Statistics and shall be paid at time of the first zoning permit issuance.

EMERGENCY PREPAREDNESS

The Applicant shall be responsible for providing first response to any emergency in
relation to the operation of the Facilities. The Applicant shall prepare at its own cost
an Emergency Preparedness Plan that Loudoun County must reasonable approve prior
to the implementation within one (1) year of initial operation of the Facilities. Prior to
issuance of the first occupancy permit, the Applicant shall contact the Department of

Fire, Rescue and Emergency Management to discuss emergency operations plans.

V1. BINDING EFFECT

19.

BINDING EFFECT

The undersigned hereby warrants that all of the owners of a legal interest in the
Subject Property have signed this Proffer Statement, that no signature from any third
party is necessary for these Proffers to be binding and enforceable in accordance with
their terms, that the undersigned has full authority to bind the Subject Property to
these conditions, and that this Proffer Statement is entered into voluntarily.

[SIGNATURE PAGES FOLLOW THIS PAGE]

{L0186848.DOC / 3 Draft Proffer Statement 006399 000003}
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GREEN ENERGY PARTNERS/STONEWALL,
LLC
BY:
NAME:
TITLE:
STATE OF
CITY/COUNTY OF : to-wit:

The foregoing instrument was acknowledged before me, this
, 2010, by , as

day of
, of

Green Energy Partners/Stonewall, LLC

Notary Public

My Commission Expires:

{L0186848.DOC / 3 Draft Proffer Statement 006399 000003}
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EVERGREEN LOUDOUN - ONE LIMITED
PARTNERSHIP
BY:
NAME:
TITLE:
STATE OF
CITY/COUNTY OF : to-wit:

The foregoing instrument was acknowledged before me, this
, 2010, by , as

day of
, of

Evergreen Loudoun — One Limited Partnership.

Notary Public

My Commission Expires:

{L0186848.DOC / 3 Draft Proffer Statement 006399 000003}
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JOHN A. ANDREWS, TRUSTEE
BY:
NAME: JOHN A. ANDREWS, TRUSTEE
STATE OF
CITY/COUNTY OF : to-wit:

The foregoing instrument was acknowledged before me, this
, 2010, by John A. Andrews, Trustee.

day of

Notary Public

My Commission Expires:

{L0186848.DOC / 3 Draft Proffer Statement 006399 000003}
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LTI LIMITED PARTNERSHIP
BY:
NAME:
TITLE:
STATE OF
CITY/COUNTY OF : to-wit:
The foregoing instrument was acknowledged before me, this __  day of
, 2010, by , @s , of LTI
Limited Partnership.
Notary Public
My Commission Expires:

{L0186848.DOC / 3 Draft Proffer Statement 006399 000003}
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DT

GREEN ENERGY PARTNERS / STONEWALL

SPECIAL

COMMISSION

APPLICANT

GREEN ENERGY PARTNERS/

STONEWALL, LLC

P.0. BOX 660
HAMILTON, VA, 20159

OWNERS

LTI LTD PARTNERSHIP

C/0 CAPITOL PROPERTIES, INC

P.0. BOX 740
WARRENTON, VA 20188

JOHN A. ANDREWS, Il, TRUSTEE

P.0. BOX 660
39100 E. COLONIAL HIGHWAY
HAMILTON, VA 20159

EVERGREEN LOUDOUN—ONE LTD
PARTNERSHIP C/0 WAYNE T. DAY

8511 RAPLEY PRESERVE CIRCLE
POTOMAC, MD 20854

LIST OF DRAWINGS

COVER SHEET WITH VICINITY MAP

REZONING PLAT / NOTES, TABULATIONS & REQUIREMENTS
EXISTING CONDITIONS PLAT (SOILS, VEGETATION & ARCHEOLOGICAL)
EXISTING CONDITIONS PLAT (TOPO, SLOPES, & WETLANDS)
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ADJACENT OWNER

INFORMATION

(WITHIN 200 FEET)

ADJACENT OWNER INFORMATION (WITHIN 200')

— LAND USE KEY

SF  |SINGLE FAMILY

M |MISCELLANEOUS IMPROVEMENTS

V__|VACANT

~ GP |GOVERNMENT PROPERTY

KEY # PIN # OWNER USE

1 193-47-8662 | LOUDOUN COUNTY BOARD OF SUPERVISORS | Park

2 151-16-0866 COUNTY OF LOUDOUN GP.PARK

3 193425164 | LOUDOUN COUNTY BOARD OF SUPERVISORS Park

4 193-48-5687 CHESNEY, JOHN W & LYNDA B RIS SF

5 160-40-0957 BANE. JOSEPH vV

B 183452450 BANE. JOSEPH W

7 152-96-1675 LUCK STONE CORPORATION .M

] 152-25-555% LUCK STONE CORFPORATION V

g 153-35-5865 | LOUDOUN COUNTY SANITATION AUTHORITY vV

10| 194-49-8227 L 71 LIMITED PARTNERSHIP vV

1 193-27-9018 SYCOLIN CORNER (LT v
REFERENCE PLANS:
APPLICATION # APPLICATION NAME STATUS
1. ZMAP 2008-0017 (STOMEWALL SECURE BUSINESS PARK) (PENDING)
2. ZMAP 2009-0003 (LUCK STONE QUARRY) (PENDING)
3. ZMAP 2009-0004 (LOUDOUN WATER & LUCK STONE) (PENDING)
4 SPEX 2009-0021 (LOUDOUN WATER —TREATMENT PLANT) (PENDING)
5 CMPT 2003-0003 (LCSA-INTEGRATED COMMUMNAL WASTE WATER) (RATIFIED)
B CMPT 2009-0007 (LOUDOUN WATER —WATER TREATMENT) (PENDING)

(SEE VICINITY MAP FOR LOCATIONS)
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DESIGN

C.STEPHENSON

DRAWN

C. STEPHENSON

CHECKED

- FaX  (703) 263-0766

wiww. whga.com

4501 Daly Drive - Chantilly, Virginia 20151
- METRO (703) BO3-9508

William H. Gordon Associates, Inc.

CML ENGREERING - SURVEY - LANDSCAPE ARCHITECTURE - LAND PLANMING - SE SECURITY COMSLLTING 6B

(703) 263-1900

DATE
July, 2009
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REZONING PLAT

REVISIONS

EXISTING CONDITIONS MAP CONCEPT PLAN NOTES: ) ) SCALE: 1"=400' T ——
1. FOR THE DESCRIPTION OF THE TYPE, LOCATION AND NATURE OF LAND USE INFORMATION TABULATION o' | e 183-47-BEEZ f ; . PVISED PO COUMTY COMMMTS 11-30-04
1. THE OVERALL BOUNDARY INFORMATION SHOWN WAS OBTAINED AND BUILDING TYPE, SEE ZONING TABULATIONS TABLE ON THIS SHEET. | LOUDOUN COUNTY BOARD / RS e e .
FROM A BOUNDARY SURVEY PERFORMED BY URBAN ENGINEERING 2. THE PROPOSED SPEX USE IS FOR AN UTILITY GENERATING PLANT AND 1. THERE ARE NO DWELLING UNITS PROPOSED WITH THIS A i i ¥ N & —
. PPLICATION g ‘ a JONE: JLW=20 B COUNTY. OF LOUDOLM o
CONDUCTED JANUARY 2008, TRANSMISSION FACILITY. APPLICATION. \ s i USE: PARR "! e 7 DO LI ¢ —
o SITE AREA FOR ZMAP/SPEX/CMPT = +/— 100.82 AC 3. THE PROPERTY IS GOVERNED UNDER THE REWSED 1993 ZONING ORDINANCE. 2. SEE ZONING TABULATIONS TABLE FOR MAX SQUARE FEET OF \ ; i gﬂl}‘ DB 1795 PG 1692(5) [ 151 E-Hﬁﬁ?Lm LOUDOUN COUNTY BOARD v USE:. PAK 1 o
HEREON PURSUANT TO THE INFORMATION AVAILABLE FROM JLMA-20 3. SEE ZOMING TABULATIONS TABLE FOR TOTAL LAND AREA, \ e T COCHRAN MILL 55 RESTENTAL USE: PARK 7 08 838 PG 1815, 1530 pi e
THE LOUDOUN COUNTY OFFICE OF MAPPING AND e PROPOSED ZOMING: PD-GI 4 SEE ZOWING REQUIREMENTS TABLE ON THIS SHEET FOR ALL \ . i e ROUTE 653 : 08 1795 PG 1692(5) _# 193-45-245 D5 871 PG 152 s
GEOGRAPHIC INFORMATION, MINIMUM REQUIREMENTS. o \ SawT g T [ Were s e gy 2N o0 —ooo
2. ONSITE TOPOGRAPHY IS SHOWN WITH TWO (2') FOOT CONTOURS A. THERE ARE NO PROPOSED RESIDENTIAL DISTRICTS WITH THIS 3. PARKING TO BE PROVIDED TCO MEET THE MINIMUM REQUIREMENTS \ \ / LT ok : Tt = USE: RESIDENTIAL i eios
: . APPLICATION, OF SECTION 5-1100 OF THE REVISED 1993 LOUDOUN COUNTY A 08 1080 PG 1845 i e
OBTAINED FROM TOPOGRAPHIC SURVEY PERFORMED BY URBAN P v ZGNE: POGI
ENGINEERING, AND HAS BEEN FURTHER SUPPLEMENTED THROUGH B. SEE THIS SHEET FOR PROPOSED FAR CALCULATIONS. SEE CONCEPT ZONING ' ORDINANCE. oa 1605 PG 964
FIELD VERIFIED SPOT GRADES DATED 3-16-09 & B-10-09 BY PLAN SHEET FOR THE DELINEATION OF SETBACK LINES AND ENTRANCES A 137,08
: TO THE SITE.
WHGA,  ADJACENT TOPOGRAPHY IS SHOWN WITH FIVE (5") FOOT , i
CONTOURS OBTAINED FROM THE LOUDOUN COUNTY nrl:ﬂc:;: OF C. ACCESS IS SHOWN ON THE CONCEPT PLAN. ALL ACCESS INCLUDING
MAPPING & CEOGRAPHIC INFORMATION. VEHICULAR, FEDESTRIAN AND BICYCLES ARE CONTROLLED OR PROHIBITED u s
FOR SECURITY PURPOSES
3. AN APPROXIMATE AREA OF 13.38 ACRES OF MODERATELY STEEP , : E EX.UMLA ZONING EX.JMLA ZONING
SLOPES AND 1.14 ACRES OF VERY STEEP SLOPES WERE Gl A g S eI R Lo fto ML PHASING PLAN ISTRICT UNE (TYP)] | DISTRICT LINE (TYP.)
IDENTIFIED FROM A STEEP SLOPES ANALYSIS AND ARE DEPICTED ., Mo e . ! MOTE: a5 152-36-1675
ON THE EXISTING CONDITIONS MAP.  ANALYSIS IS BASED ON E. ALL EXISTING NGN—?HEEEDENTML ACCESS PQOINTS, EXISTING AND y THE PROPOSED DEVELOPMENT WILL BE CONSTRUCTED IN ONE AREA NOT SUBJECT ||I 4,30 I..I.}CH: ST[H'-I‘E
DATED 3-16-09 AND B-10-03 AND SITE DEVELOPEMENT WILL ON THE CONCEPT PLAN. . AS DETERMINED AT SITE PLAN STAGE TO SATISFY VDOT AND FSM TO APPLICATION 15,28 Nk lm W o
COMPLY WITH SECTION 5-1508 STEEP SLOPE STANDARDS. F. ALL MAJOR ROADS ADJACENT TO THE SUBJECT PROPERTY IDENTIFIED IN REQUIREMENTS it
4, WATER COURSES, DRAINAGE WAYS AND OTHER BODIES OF THE COUNTY TRANSPORTATION AND/OR THE CURRENT LOUDOUN COUNTY L NO7°50°30°E
WATERS ARE DEFINED ON THIS EXISTING CONDITIONS MAP AND J VDOT 6~YEAR PLAM ARE SHOWN. Eﬁf;ﬁ%ﬂ%ﬁ
WERE ACQUIRED FROM LO. CO. OFFICE OF MAPPING & 4. THE TRAFFIC CIRCULATION AS SHOWN ON SHEET 4 OF 4. ST
GEQGRAPHIC INFORMATION, 5. SEE CONCEPT PLAN OVER EXISTING CONDITIONS SHEET FOR THE PROPOSED
» WATERS OF THE U.5. (INCLUDING WETLANDS) DELINEATION LAND USE OVER THE EXISTING CONDITIONS, s
BOUNDARIES SHOWN HEREON PROVIDED BY WETLAMD 6. UTILITIES: i - i - :
STUDIES AND SOLUTIONS, INC. AND CONFIRMED BY THE U.S o  SANITARY SEWER TO BE CONNECTED TO EXISTING FACILITIES fn 3 i - [ _DESIGN
ARMY CORPS OF ENGINEERS JURISDICTIONAL DETERMINATION ﬁﬂxﬁ:?pf: FI;EFJE[;DLT'E EETEEFE:IN?ECI!?EMTL?rE;IESEF?PEE‘-JRFE;CILITIFE e by L 5 I~ an o
~R2064, DATED NOV. 1 5, ARE FOR . y = it "%!E :
ﬁﬁwﬁﬁ}m? F‘EFL.;PD%EE SHL%*?DEAESEEAREAS ARE OWNED BY LOUDOUN WATER OR TOWN OF LEESBURG. Madibeozdadia f* "i! g o E Sl
SUBJECT TO MODIFICATION AND MAY BE IMPACTED UNDER o  STORMWATER MANAGEMENT (SWM) AND BEST MANAGEMENT . !ﬁ]g“ - = s
PERMITS ISSUED BY THE UNITED STATES ARMY CORPS OF PRACTICES (BMP) ARE TO BE PROVIDED BY ADEQUATE OUTFALL TO o s | ™
ENGINEERS UNDER SECTION 404 OF THE CLEAN WATER ACT THE MAJOR FLOOD PLAIN AND BY OM-SITE TREATMENT VIA A ;n 'gﬂ -l C. STEPHENSON
AND/OR THE VIRGINIA DEPARTMENT OF ENVIRONMENTAL COMBINATION OF EXTENDED AND CONVENTIONAL FACILITIES WITH Uad_go T CHECKED
QUALITY UNDER SECTION 401 OF THE CLEAN WATER ACT LOW IMPACT DESIGN METHODOLOGIES IN ACCORDANCE WITH e 2 iy — T
AND THE VIRGCINIA WATER PROTECTION PROGRAM. FACILITIES STANDARDS MANUAL CRITERIA. LOW IMPACT f . s NTE 3556 W " m—
5. THE GENERAL LOCATION OF TREE COVER SHOWN HERECN WAS METHODOLOGIES TO SATISFY BOTH SWM AND BMP REQUIREMENTS gn, " 921.66' « STONE CORPCRATION
OBTAINED FROM LOUDOQUN COUNTY G.L.S. DATA. REFER TO WILL, BE THE PREFERRED AFPPROACH WHERE PRACTICAL. # EE < ﬂ[vm e .
- . ; 7. THE DEVELOPMENT PROGRAM PROPOSES A HYBRID ENERGY PARK. THERE . NOB55'08"E : 0
FOREST MANAGEMENT PLAN & COVER TYPE" STUDY PROVIDED NG 3 s
BY ZIMAR & ASSOCIATES, INC, DATED JULY 31, 2008, WHICH SHALL BE NO FACILITIES OPEN TO' THE: GENERAL PUGLIC. \ Al N7ro N - o~ —— = . I
HAS BEEN PREPARED BASED UPON CRITERIA PROVIDED BY THE 8. ADJACENT PROPERFY: % \ EX, i g e 5
STUDY Fe A, FOR APPROVED AND EXISTING PROJECTS OR SUBDVISION NAMES, LOT " e, =
COUNTY FORESTER. THIS STUDY WILL PROVIDE SITE SPECIFIC NOTFICETON % ar — =
EXAMINATION OF THE LOCATION AND DESCRIPTION OF VEGETATION LINES, LOT NUMBERS AND ZONING SEE VICINITY MAP. ) % N60'39'30"W S 6 £
AND EXISTING TREE COVER WHICH INCLUDES THE FOLLOWING: B. FOR EXISTING LOTS, USE AND STRUCTURES WITHIN 500 OF SUBJECT B 5 96.12° \ = = | o5
A. A DESCRIPTION OF THE TYPE AND EXTENT OF TREE COVER, PROPERTY, SEE VICINITY PLAN. B 5 \ I EH S s
B. AN INVENTORY OF EVERGREEN TREES WITH CALIPERS OF 14 C. THERE ARE ADJACENT OPEN SPACE EASEMENTS OF PARK AND m"é’::-u“-!*?" W&t I -
INCHES OR LARGER & DECIDUOUS TREES WITH CALIPERS OF RECREATION LAND. LOUDUN COUNTY PHILIF A, BOLEN MEMORIAL PARK g;mmm“ﬂi' ,\ g .'E
22 INCHES OR LARGER ARE SHOWN IN ATTACHMENT X OF IS NORTH OF SYCOLIN CREEK AND COCHRAN MILL ROAD. ) e vhchns \ LOUDOUN CONTY g 0 Sx
REFERENCED STUDY. 9. SEE OPEN SPACE MAP AND ZONING TABULATIONS TABLE ON THIS SHEET FOR SAMITATION AUTHORITY 0 B
T ! = m E
C.FOR POTENTIAL ENDANGERED SPECIES HABITAT SEE STUDY DELINEATION AND DESCRIPTION OF OPEN SPACE AREAS. s T L =< =13
TITLED "ENDANCER AMD THREATEN PEC HABITAT 10. SEE COVER SHEET FOR APPLICANT NAME AND SIGMATURE. 10LL ROAD INVES PARTSHP Il P ) EI'- * E o oo
LEW  ENORAED RAIENED SeTcuts 11. THE PLANNING DIRECTOR HAS MADE NO ADDITIONAL REQUESTS FOR Z0NE-R-10' AREA NOT SUBJECT e 5 & 22
EVALUATION AND RARE PLANT SPECIES/COMMUNITY USE: COMMERCIL/ _. 8 - . = s B
A : i INFORMATION, 3 TO APPLICATION ! | e | 4N = . OF
ASSESSMENT", DEVELOPED BY WETLAND STUDIES AND . INSTE 30081 1 ; B/ BEE - s B
, 12, ALL PROPOSED TRAVELWAYS WITHIN THE SITE SHALL BE PRIVATE. . - | S | \ o 2
SOLUTIONS, DATED NOV. 8, 2004, , =g - L . | Poe 104-49-8227 /| A &
13. THE SUBJECT PROPERTY WITH COMPLY WITH ALL LIGHTING, SIGNAGE AND R ] =
MAP WERE OBTAINED FROM LOUDOUN COUNTY GIS INFORMATION, ' - R S 4 | Tl Z0NED TRID / sy
7. SOILS AND CORRESPONDING HYDRIC SOILS GROUPS SHOWN X ™ g | LEg! | USE: VACANT ‘e
HEREON WERE OBTAINED FROM THE LOUDOUN COUNTY SOILS ‘t N7248'S9"E  ruffias-se-s00 I '-'_e_:j_e; 1\ / % @ <
SURVEY, ZONING TABULATIONS TABLE : 2l 7333 (L NOESe [ / = 2
B. THE LOCATION, NAMES AND/OR NUMBERS OF ALL ARTERIAL, : e 5753 foa o ot 267 3 (|| | NBO46"15"W 3 \ 3 3
COLLECTOR AND LOCAL STREETS THAT CONNECT OR ARE __ZONING TABULATIONS \ s e ‘{ " 449.72 g | / 2
ADJACENT TO THE PROPOSED PROJECT WERE OBTAINED FROM PD-GI DISTRICT DENSITY _ D N USE: VACANT , | \ / "
THE LOUDOUN COUNTY OFFICE OF MAPPING & GEOGRAPHIC GRS DELGX fuve 4,201, 7113.20/s1 100 62 e S e Essamal b ! N ’ S | H?ﬂ'ﬁﬂ'ﬂ'w I / =
INFORMATION. Nel PO-GI Area 4,016,232 00Jf 52 20]ac %“‘x . o N17°20'18 ; = g
G, ALL EXISTING STRUCTURES AND BUILDINGS FOUND ON THE OVERALL BOUNDARY LINE TABLE N { 256.37 i ! /
SUBJECT PROPERTY WILL BE REMOVED WITH THE EXCEFTION OF [Fioer Ares Badlo FAR) L} | S 565356 E S0 N \ . ' "W““"" I CATE
THE BARN ON ARCHEOLOGICAL SITE 44L01328. MAX FAR {0.40) 1606 4a280lsf | (0.40) 2 |5 552037 E 54,57 : l 115.36' ; / July, 2009
« DELINEATION OF EXISTING STRUCTURES CAN BE FOUND IN Proposed TAR 0. 525 2008 0 22 2Ras f e NN VR .=-'.' ' | NB1OS3EW S Trorz, 1200
THE STUDY TITLED "PHASE | ARCHAEOLOGICAL s L potaiset 22 Q\\ el | N .ﬁ\‘ D - oRt.01° B f E:f- i
INVESTIGATIONS OF THE CIRCA 652 ACRE CREEKSIDE AREAS |-1m Lot Cowerage = (005 T 7807304 405 GRS 6|5 705050" € 54.58" ‘:\H“ R B m AREA NOT SUBJECT | @& -
4 AND 5 PROPERTY", DEVELOPED BY THUNDEREIRD Proposed Lot Coverage | 199,400.00[s (0.05 L7 N 705247 W 45 68" LN et =y j"" f W T ——"
ARCHEOLOGY IN OCTOBER 2005. L8 N B352'56" W 45,94 T e S S b L 1 TO APPLICATION # IQ
10. THERE ARE NO KNOWN GRAVE, OBJECT QR STRUCTURES MARKING [Notes - _ | L3 N _SB08 51 W 46.21 | L i . i -—-“:::—_ % 7 \ =
A PLACE OF BURIAL “Proposed FAR Is based on approximale areas for Admin Buidng, Warehouse & Maintenance L10_ | N 5605127 W 4586 \ e 7 h = —
11, EXISTING ROADS, STRUCTURES, STONE WALLS, FENCES AND [Buildings and preposed uninhabitable stnuctures utiized for Power Plant facilty. L11 | N 601405 W 44.78" i Y = - —— “:1_ \ | o
OTHER PROMINENT FEATURES WERE OBTAINED FROM THE COUNTY Ll e byd) S M .o LI W . Lmn S = '":JL \ ac o
PCT MAPS L15 | M 612113 W 44.57 e e Ae124.33 e \ = : O
ool ’ OVERALL PD-GI SITE DENSITY TABULATION L14 | N B1'5609" W 44.37" £ S oeewmorgw | besaen 184293703 > e N " o| X
12. THE ENTIRE SITE FALLS WITHIN LDN-60 1 MILE BUFFER OVERLAY — = - - I , % ; ey o= X \ 1
5 Gross M o | M FAR Cpen % Open 115 | N BI'1322 . W 44 45 e, CHG= 136,08 ) AN DARWISH & YOUSEF ELUN  # S Ul 0C
DISTRICT (LEESBURG AIRPORT) AND WITHIN THE QUARRY gjor | Net Area aximum FAR (sf) , T - CHEsSATZTONE ZONE: TR=10 . V'
District - £a Froposed FAR Space | Space (Per L1B N BXI0D0E W 44, 60 CHO= 1 248" . ,q G
NOTIFICATION OVERLAY DISTRICT. REQUIREMENTS SET FORTH IN Area (ac) | CooPan(Ac)  FAR (AC) (040 Area (ac) | Net Area) (17 TN EF T4 W R 194-38-5006 s e ZONING EDUNDARY CURVE TABLE & 3
SECTION 4-1400 AND SECTION 4-1800 OF THE LOUDOUN 100.82 BT 22 16056216 010 5150 | 66.74% | 18| N 5500018" W 1513 e B = | CURVE [ DELTA [TANGENT| RADIUS [LENGTH| CHORD 0. OF«
COUNTY ZONING ORDINANCE WILL BE OBSERVED. L1 N 59*17'08" W 46.91° USE: MACANT Fd 1 &9°24°19° 43501 &3.00 TE.74 74,08 ] mm EE
13, FEDERAL AND STATE PERMITS MAY BE REQUIRED UNDER SECTION PD-GI LOT & BUILDING REQUIREMENTS L20 | N 5701758 W 50.36" ST 2003624007868 ” Cz |31'05'24°| 2156 77.50 4205 4154 = }Gi—l-g
404 OF THE CLEAN WATER ACT BY THE UMNITED STATE ARMY [Ordinance Standard]  Proposed ]iﬂ"i“g Ordinance Section | L21 M 55:54;{:3: W ;q.zi: _- o C3 1?:@;:53: 12.83 85.00 25.46 25.37 E (9{: n-ﬂ_
CORPS OF ENGINEERS AND/OR THE VIRGINIA DEPARTMENT OF - w2 L N-ognd e W T3 - £3__(Borseane] a0 ] a0 ] ECS | 60t < Co<=°>
ENVIROMMENTAL QUALITY UNDER SECTIOM 401 OF THE CLEAM |Cot Requiremants — - — BUILDABLE AREA CALCULATIONS =5 W &} g E'—":
WATER ACT AND THE VIRGINIA WATER PROTECTION PROGRAM. District Size| & acre min, 100.82 ac 4602 nl = Q
14, REFER TO PHASE | FNVIRONMENTAL SITE ASSESSMENT - Lot Size|  1acre min, &605A] ZONING MODIFICATIONS e mnE"E:';:%EMEA “RER | o k=
CREEKSIDE_PHASE |, LEESBURG, VA, DATED OCTOBER b, 2004 Aaid B B ZONING ORDINANCE MODIFICATIONS MATRIX PD-GI ZONING AREA 1605[::] - o™~f3
FOR & LISTING DF ANY KNOWN HAZARDOUS OR TOXIC Sutbacks Buliding | Parking | Buiiding [ Parking T | : o Dt\lmﬂg
SUBSTANCES AS SET FORTH IN TITLE 40, CODE OF FEDERAL Adjacen! to Other Road H?ﬂ-ﬂ‘—ﬁaﬂ a5 Ly 35 25 505{B)1) ORDINANCE REQUIREMENT DESIGH OBJECTIVE/REQ'D MODIFICATION PDGI MAJOR FLOODPLAIN| B.6T E E GI.IJ
REGULATIONS PARTS 116.4, 302.4 AND 355; ALL HAZARDOUS Adjacent to agculturaliresidential] 100 50 oo | so 4E05BN2) MINOR FLOODPLAIN| 5.35 o IIID'G Z=Z
WASTE AS SET FORTH IN COMMONWEALTH OF VIRGINIA ; |Building heights allowed up to 100-1 with ow a maximum bullding height of 100t ) [5G YARD LINE & TYPE 4 LANDSCAPE BUFFER 559 = d::.:a
DEPARTMENT OF WASTE MANAGEMENT, Development Setbacks for Certain Special Exception additional setback for each 1-©001 above 45-feet fwithout the need for additional setbacks VERY STEEP SLOPES (OUTSIDE OF - &
opm ep 0.55 [ (]
Uses from any adjacent residentially zoned property: 200 200 AEOT(H) BUFFER/SETBACK/RECODASCVE AREAS)| e Bl NO E =]
{Utility generating plant and transm ission facility)™ RSCO0 (ADDITIINAL AREA BEYON — O<®
byl ) B ) FLOODPLANSETBACKS & SCVB 3.91 < p) o=
** |t is anficipated that the adjacent property will be rezoned 1o 8 non-residential district. In the event that the adjacent property is T SCVB (EXCLUSVE OF o — 'ﬂ
PARKING TABULATION |not rezoned to a nonvesidential district, the Applicant will comply with the 200 building setback. FLOODPLAIN/SETBACKS & RSCOD) 250 o al N
REQUIRED PARKING SPACES e seaces o o S AR
TILITY) ©1 1 —
PRNATE UTL s];{ SRR PIR 120 lrLoties O Natow SHIFT) S bR S R i i 5 % BT REMAINING BUILDABLE AREA 79.67 z E
: Between buildings on same lot of sile 25 4-B05EB N4)b) 5
PROVIDED PARKING SPACES 27 SPACES OPEN SPACE TABLE [I-j g 75
Building Requiremants = e - — MR PR INE PR X |=
Lot Coverage A ITHERN, ! S-505(A )
REQUIRED LOADING SPACES 2 SPACES SpooownT| Area {AC) Passantags: o Open dpace:per. Grise Land Area o R
| SPACE PER 25000 GFA UP TO 500,000 SF Building Height| additional setback for | 1< ™ 4-606(B) 100.82 Gross Land Area -
(50,000 SF GFA /25000 = 2 LDADING SPAGES) each 1'above 45 | 20ditional setback o
FAR 0.40 0.10 4-606(C) 869 BEZ% (Future Open Space after construction (Cross Hatch)
B
|Landscaping Requirements am. 49 38.18% Proposed Open Space (Solid Halch) SCALE: 1"=800' SHEET
Landscape Open Space _ (20% of Bidabie Area) | 158 | ac | 35 | ac ] Z507B) T TR T Open Shec s S 2 OF6
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RELATIONSHIP BETWEEN THE VARIOUS COMPONENTS OF
THE FACILITY.

s THE LOCATIONS AND REFERENCES OF THESE FACILITIES
HAVE BEEN REMOVED FOR SECURITY PURPOSES.

TYPICAL SIMPLE CYCLE
PLANT ELEVATION

al_

R

TYPICAL PLANT LAYOUT OF
A NON-ENCLOSED FACILITY

TYPICAL PLANT LAYOUT OF
AN ENCLOSED FACILITY

(COMBINED CYCLE AND ONE SIMPLE CYCLE) (COMBINED CYCLE)

THIS SHEET IS FOR ILLUSTRATIVE
PURPOSES ONLY!!!
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